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PREFACE 
The ways in which our society may have to adapt and respond 
to changes induced by energy shortages, environmental ceilings, 
and food insufficiencies has been the subject of much analysis 
and debate during the past decade. In all of this flurry of 
concern with perceived limits to growth, however, insufficient 
attention has been accorded to the effects of a variable that 
may overshadow all of the rest in importance: changing popula- 
tion dynamics and lifestyles, and their socioeconomic impacts. 
Explosive population growth in the less developed countries 
and population stabilization in the more developed nations have 
created unprecedented social issues and problems. The future 
societal ramifications of changing age compositions, patterns of 
family formation and dissolution, movements from one region to 
another, health status and demands for care, and participation 
in the labor force will be profound. 
This paper focuses on the linkage of several elements of 
demographic change that usually are modeled separately. To our 
knowledge, it is the first multistate population projection that 
contains not only fertility, mortality, and migration schedules, 
but also considers marriage and divorce patterns and includes a 
two-sex model that ensures consistency in the determination of 
the future number of transitions between the married, divorced, 
and widowed states. 
A list of related publications appears at the end of this 
paper. 
Andrei Rogers 
Chairman 
Human Settlements 
and Services Area 
ABSTRACT 
This paper outlines a theoretical framework for the consis- 
tent and policy relevant projection of populations disaggregated 
by sex, age, marital status, and region. The framework makes use 
of multistate life table and projection techniques, and a two-sex 
model of transitions between the married, divorced, and widowed 
states, to ensure the consistent determination of the future size 
and structure of the population on the basis of transitions 
assumed to occur over the projection period. It also uses model 
schedules to reduce the information load required for projection 
and to produce descriptive and interpretable parameters which can 
be explained and.projected with the aid of an economic model that 
relates these parameters of demographic transition to their demo- 
graphic and economic determinants. An illustrative application 
of this framework, using Australian data, is included. 
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A FRAMEWORK FOR MULTISTATE 
DEMOECONOMIC MODELING AND 
PROJECTION, W I T H  AN 
ILLUSTRATIVE APPLICATION 
1 .  I N T R O D U C T I O N  
R e g i o n a l  p o p u l a t i o n  p r o j e c t i o n s  a s s i s t  d e c i s i o n  makers  i n  
t h e  a n a l y s i s  and  f o r m u l a t i o n  o f  a  wide  r a n g e  of  economic and 
p o p u l a t i o n  p o l i c i e s .  These  p o l i c i e s  i n c l u d e  t h e  p l a n s  by 
government  a g e n c i e s  f o r  f u t u r e  e x p e n d i t u r e s  i n  t h e  a r e a s  of 
e d u c a t i o n ,  h e a l t h ,  w e l f a r e ,  h o u s i n g ,  and t h e  p r o v i s i o n  o f  s o c i a l  
i n f r a s t r u c t u r e  and  t h e  p l a n s  by p r i v a t e  f i r m s  f o r  t h e  l e v e l  
and  mix o f  o u t p u t  and t h e  l o c a t i o n  o f  p l a n t  and  equipment  n e c e s -  
s a r y  t o  mos t  e f f i c i e n t l y  and p r o f i t a b l y  m e e t  e x p e c t e d  f u t u r e  
consumer demands.  I n  t h e  p a s t ,  s u c h  p r o j e c t i o n s  w e r e  made u s i n g  
f i x e d  o r  s i m p l e  t i m e - t r e n d e d  a s s u m p t i o n s  r e g a r d i n g  f u t u r e  move- 
men t s  i n  t h e  components  o f  r e g i o n a l  p o p u l a t i o n  c h a n g e ,  w i t h  
l i t t l e  a t t e m p t  b e i n g  made t o  e n s u r e  i n t e r n a l  c o n s i s t e n c y  be tween  
t h e s e  a s s u m p t i o n s ,  o r  t o  s p e c i f y  t h e  i m p l i c i t  economic/demogra- 
p h i c  g rowth  s c e n a r i o s  u n d e r l y i n g  them. Demographic and  economic 
change  a r e  i n t r i c a t e l y  and  s i m u l t a n e o u s l y  l i n k e d ,  and  t h e  u s e -  
f u l n e s s  o f  r e g i o n a l  p o p u l a t i o n  p r o j e c t i o n s  i s  enhanced  i f  t h e y  
i n c o r p o r a t e  c o n s i s t e n t l y  t h e  r e l a t i o n s h i p s  between demographic  
and  economic v a r i a b l e s ,  i n c l u d i n g  t h o s e  p o l i c y  v a r i a b l e s  o v e r  
which  d e c i s i o n  makers  h a v e  c o n t r o l .  Given t h e  wide  v a r i e t y  o f  
u s e s  a n d  u s e r s  o f  r e g i o n a l  p o p u l a t i o n  p r o j e c t i o n s ,  t h e  r e l e v a n c e  
of the projections will also be increased by the maintenance of 
a high degree of disaggregation for important variables such as 
sex, age, marital status, and, where relevant, race. 
In this paper, a possible framework for multistate demo- 
economic projection which incorporates these dimensions is pre- 
sented. This framework makes use of several techniques currently 
available for the modeling and projection of demographic vari- 
ables, including 
multistate mathematical demography, which imposes 
standard demographic accounting identities on the 
projections and incorporates the impacts of pre- 
ceding demographic events by allowing for simul- 
taneous and consistent determination of the effects 
on the projected size and distribution of the popu- 
lation of all the rates of transition that are 
assumed to occur in the projection period; 
2. a two-sex model of marriage, divorce, and "widol~ing"*, 
which takes into account the parallel transitions 
among individuals of each sex and ensures that 
there are no inconsistencies between such transi- 
tions ; 
3. model schedules, which parsimoniously describe the 
age distributions of demographic transitions ensur- 
ing consistency across age distributions and reduc- 
ing the information to be projected to a few 
descriptive and interpretable parameters for each 
scheduie of transition; and 
4. an economic model, which determines the projected 
parametersof the demographic transitions by incor- 
porating explicitly the assumptions that are made 
regarding the demographic and economic environment 
underlying the projection, and by clearly specifying 
the relationships that exist between this environ- 
ment and population change. 
This framework ensures that population projections will be 
disaggregated, consistent, and policy relevant. At this stage, 
however, the framework considers only one side of the joint 
interaction between the demography and economy of regions--the 
effect of economic change upon regional populations and their 
distribution--but in a more comprehensive manner than is normally 
provided within studies of joint interactions between economic 
and population growth. Population change, via its impact on 
*By "widowing" we mean the transition from the married to the 
widowed state. 
consumer demand, housing demand, and labor supply, will affect 
the economic environment of regions, which will simultaneously 
affect the various components of that population growth. The 
framework presented here could readily be incorporated into a 
wider model of simultaneously determined economic and demographic 
growth [see Powell (1982) for a prototype of such a model for 
Australia, and Ledent (1978) for a model of Tucson, Arizona]. 
This paper represents a joint effort between two research 
groups that have been closely involved in the development of 
these techniques. The International Institute for Applied Systems 
Analysis (IIASA) has played a significant role in the development 
of the techniques and applications of multistate demography 
(Rogers 1980, 1981) and in the estimation of model schedules 
of many facets of demographic behavior for a large number of 
countries (Rogers and Castro 1981a). The IMPACT Project, in its 
efforts to construct a set of economy-wide models that will pro- 
vide a systematic framework for the analysis of a large number of 
policy issues, has developed a facility for the consistent projec- 
tion of the Australian population disaggregated by age, sex, and 
marital status (Sams 1979a; Sams and Williams 1980, 1982; 
Williams 1981). This facility employs model schedules and a two- 
sex marriage and divorce model and is driven by an economic model 
that relates marriage, divorce, fertility, and female labor force 
participation behavior to their economic determinants. 
The framework described here combines aspects of these 
developments in demographic techniques at IIASA and IMPACT and 
is more fully described in the following section. To give an 
example of the application of this framework, a projection of the 
level and age/sex/marital status/regional distribution of a 
population under the influence of regionally differentiated 
economic growth is made in Section 3. This projection is based 
on Australian data but a substantial proportion of the data were 
not readily available and were approximated, and the full frame- 
work could not be implemented in the time available. The projec- 
tion, therefore, is intended only to be illustrative. 
2. A FWIEWORK FOR MULTISTATE POPULATION PROJECTIONS 
A schematic representation of the proposed framework for 
the consistent projection of a population disaggregated by age, 
sex, marital status, and region of residence is given in Figure 
1. For simplicity of representation, only two regions, A and B, 
are assumed to exist. We consider each of the features of this 
framework in turn. 
2.1 The Projection Algorithm 
Multistate population projection techniques are used to simul- 
taneously determine the projected population from its sex/age/ 
marital status/region-specific flows of migration, marital status 
changes (becoming married, divorced, remarried, and widowed), 
deaths and fertility.* For each year of projection, transition 
probabilities calculated from multistate life tables generated 
separately for each sex may be used to determine the projected 
level and distribution of the population. The projected popula- 
tions can then be augmented by the expected numbers of interna- 
tional migrant arrivals and departures (disaggregated by sex, age, 
marital status, and region of arrival or departure) to qive the 
projection of male and female populations by age, marital status, 
and region of residence. 
These projections are consistent in the sense that the 
assumed transitions are used to determine the population, one 
sex at a time. However, the concept of consistency also relates 
to the harmony between the assumed demographic transitions them- 
selves. For example, 
1. research suggests that families tend to migrate 
together, thus the probability that a child will 
migrate should be consistent with the probability 
that persons of the age of his or her parents will 
migrate; 
*The following references may be consulted for a discussion of 
multistate population projection techniques: Rogers (1980, 1981). 
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2. the likelihood of a woman giving birth is higher 
when she is married and in the prime childbearing 
ages, and also reflects the number of children 
she has already borne and expects to bear in the 
future, thus fertility projections should be con- 
sistent with these characteristics of the female 
population; and 
3. at various times, usually as the result of large 
scale migration or of war, the number of men and 
women of prime marriageable ages can become 
seriously unbalanced, thus it is necessary to 
ensure that the marriages of men (women) are 
consistent with their likelihood of finding a 
suitable partner. 
Normally these consistencies can be approximated by the 
thoughtful projection of the required flows. In our framework, 
this is achieved partly by the use of model schedules to ensure 
consistency across age distributions, and partly by the use of 
an economic model to simultaneously estimate the important 
features of demographic flows on the basis of their economic 
and demographic determinants. Consistency in the marital status- 
change behavior of males and females requires special treatment. 
As with most population projection facilities in the demographic 
literature, with the exception of the IMPACT facility, the 
multistate projection facility deals only with a single sex at a 
time. Especially in the case where the marital status structure 
of the population is being considered, it is not realistic to 
project the transitions among individuals of one sex without 
taking into account parallel transitions among individuals of 
the other sex. The separate projection of the evolution of the 
male and female populations in our framework could lead to incon- 
sistencies, such as the number of marriages or divorces of males 
not coinciding with the number of marriages or divorces of 
females over a given period, and the number of new widows during 
the year not coinciding with the number of deaths among married 
men in that year, and so on. 
Operational resolutions to the problem of two-sex inter- 
action are few; this paper adopts one proposed by Sams (1981a) 
and incorporated into the population projection algorithm devel- 
oped at IMPACT. The Sams procedure rests upon a matrix of 
married couples disaggregated by the age of each partner, which 
is updated from year to year over the projection period. The up- 
dating of this matrix requires the establishment of four sets of 
consistent demographic flows disaggregated by the age of the male 
and the age of the female involved in the transition--becoming 
married, divorced, and widowed, and migrant arrivals and depar- 
tures (both regional and international) of married persons. In 
general, these consistent cross-tabulated flows are established 
by a two-stage process. First, the number of marriages, div- 
orces, deaths, and migrant arrivals and departures of married 
persons are calculated at each age for each sex, on the basis 
of projected model schedt~les and the at-risk population for 
each event. Secon6, the consistent cross-tabulations by the 
age of each party to the event are established, sometimes lead- 
ing to the adjustment of the initial numbers of marriages, etc., 
for each sex and, consequently, to changes in the implied age- 
specific rates. 
For marriages, the Sams approach makes use of the possible 
difference between the number of marriages to men (women) of a 
given age d e s i r e d  by women (men) of that or some other age, 
i n d e p e n d e n t  of the supply of men (women) available, and the 
number of marriages which actually take place. This divergence 
may occur for either or both of two reasons: there are physically 
not enough eligible men (women) of that given age available for 
marriage or the desires of eligible men (women) of that age are 
such that they do not wish to marry women (men) of the other 
age. The numbers of men and of women at each age desiring to 
marry are determined from model schedules of desired marriage 
and an economic model which projects, among other things, the 
parameters of those model schedules. We assume that these model 
schedules (in fact gamma distributions) for each sex are the 
marginal distributions of a bivariate gamma function, whose 
parameters are those of the model schedules for males and 
females plus a correlation coefficient which can be estimated 
from cross-tabulated data. From this bivariate distribution it 
is possible to determine the numbers of marriages of couples of 
given ages desired by men and desired by women. 
We then set up a constrained minimization problem which 
minimizes the differences between desired and actual marriages 
of men and women at each pair of ages, subject to the constraints 
that the number of marriages between women and men of any ages be 
not less than zero and that the total number of marriages of all 
women (men) to men (women) of a particular age does not exceed 
the stock of men (women) of that age. It is possible that not 
all of the total stock of men or women of a given age eligible 
for marriage would be willing to marry; in such cases, we could 
assume that only a proportion of the supply of women (men) of 
that particular age would be available for marriage. Such pro- 
portions would need to be determined by observation and intuition, 
since there would be little information available to estimate 
them systematically. Now, if none of these constraints were bind- 
ing the numbers of marriages between men and women of given ages 
would be simply the weighted sum of the number of marriages for 
couples of these given ages desired by men and desired by women. 
The weights could be expected to be equal, except in cases where 
the desires of one sex were found to be dominant. In such cases, 
the weights for the other sex could be set to lower values, even 
as low as zero. In situations where the constraints are binding, 
it is possible to establish a linear programming technique to 
determine consistency between the marriages of males and females 
at each pair of ages, as explained in Sams (1981a). Once the 
number of marriages by the age of each spouse is determined, 
consistency-adjusted age-specific marriage rates for men and 
women can be calculated using the populations at risk. 
So far, we have ignored the complication that there are 
three types of marriages, depending on previous marital status, 
for each sex, and therefore nine combinations of marriages between 
the sexes. In fact, the numbers of men and women at each age 
desiring to marry are determined separately for each previous 
marital status, and these are added together for each sex to form 
the desired level of marriage by the age of the partners. Once 
the reconciled cross-tabulation of marriages by the age of the 
partners is established, the number of marriages at each age for 
each sex by previous marital status is derived by distributing the 
reconciled number of marriages at each age in proportion to the 
original desired distribution of marriages by previous marital 
status at that age. Details of this procedure can be found in 
Sams (1981a). 
Consistent cross-tabulations of transitions into the divorced 
and widowed states by the age of each spouse are calculated on the 
basis of a matrix of married couples by age of wife and age of 
husband. It is assumed, quite plausibly, that the death of a 
married male (female) is independent of the age of his (her) wife 
(husband). Thus, the widowing of married females (ma1es)of a 
given age are equal to the number of those females (males) married 
to males (females) of any given age multiplied by the death rates 
of those males (females). For divorces, as for marriages, the 
numbers of married men and women at each age desiring to divorce 
are determined from model schedules and an economic model that 
projects the parameters of these model schedules. The number 
of divorce5 of married couples is then determined by the matrix 
of married couples by age and the arithmetic average of the 
desired divorce rates for each partner at their given ages. A 
scaling factor may also be introduced to take account of the 
higher probability of divorce for couples with wider age dif- 
ferences [as suggested by several studies, including Day (1963)l. 
Consistency adjusted age-specific divorce rates for men and 
women can then be calculated using the populations "at risk". 
Finally, consistency must be imposed on the arrivals and depar- 
tures of married male and female migrants, both regional and 
international. In general, this is achieved by the iterative 
adjustment of a standard matrix of the relative ages of migrant 
couples to agree with the age profiles of migrants of each sex. 
Procedurally, two-sex consistency must be incorporated into 
the multistate projection algorithm in an iterative manner. 
First, the desired number of marriages and divorces must be 
determined from the model schedules and the populations at risk 
and the numbers of new widows from the couple's matrix and the 
death rates of married persons. Two-sex consistency is then 
imposed upon these marital status changes. Although consistency 
is imposed separately for each region, this may be inadequate 
when the regions under consideration have substantial demographic 
interaction, particularly where marriages occur between persons 
initially residing in different regions. In such cases, the re- 
conciliation process which adjusts desired marriage rates should 
incorporate the possibility that some of those desiring marriage, 
but unable to find a suitable partner in their region of residence, 
may find a partner in another region. Once two-sex consistency 
has been imposed, the consistency-adjusted rates of marital status 
change can then be used within the multistate projection algorithm 
to determine consistent population projections. At the same time, 
the stocks of married couples by age of husband and age of wife 
must be updated in each period according to the transitions occur- 
ring to married persons. 
2.2 The Model Schedules 
The basic starting measure for most demographic analyses 
is a central rate that is defined for a population in a given 
region during a particular time span. In our projection frame- 
work, these occurrence/exposure rates are used wherever possible, 
as the projection of rates allows for the automatic response of 
projected demographic transitions to changes in the age and 
marital status profile of the regional populations. As indicated 
by Figure 1 ,  the ultimate inputs to the projection algorithm for 
each region are fertility rates, death rates, marriage and 
divorce rates, and regional migration rates. The use of occur- 
rence/exposure rates is less valid for international migration, 
where the region of origin is "the rest of the world". 
The use of parametric functions to smooth and describe 
parsimoniously sets of age-specific rates is a common practice in 
demography. A variety of mathematical formulas have been pro- 
posed and fitted to mortality, fertility, marriage, divorce, and 
migration schedules and the results have been widely used for 
such applications as data smoothing to eliminate irregularities, 
interpolating rates given for five-year age groups to single 
years of age, comparing different growth regimes, inferring rates 
from partial or inaccurate data, and forecasting future popula- 
tions. The relevant literature is vast and entry into it can be 
made from such representative publications as Brass (1971), Coale 
and Demeny (1966), Coale and Trussell (1974), Heligman and Pollard 
(1979), Hoem et al. (1981), Rogers and Castro (1981a, 1981b), 
Rogers, Raquillet, and Castro (1 9 78) , United Nations (1 967) , and 
Williams (1981). 
In our population projection framework, the role of model 
schedules is two-fold. First, if highly disaggregated population 
projections are to be made, the transitions between states of 
existence, or the vital flows, in each year must retain a similar 
degree of disaggregation. Model schedules allow us to condense 
this enormous amount of information into a few parameters for 
each transition in each year. Second, if the model schedules are 
chosen wisely, they provide a manageable number of interpretable 
descriptive statistics, for each demographic transition in each 
year, the time series of which can capture changes in the under- 
lying determinants of that demographic transition and thereby 
provide the basis for econometric estimation. The model sched- 
ules chosen will vary according to the transitions under analysis 
and the population under consideration; the criteria for such 
choice should emphasize the interpretability of the parameters, 
their success in characterizing the important features of demo- 
graphic behavior and the goodness-of-fit of the schedules to 
available data. 
We propose the use of model schedules to characterize, in 
each year of projection, the age distributions of all the neces- 
sary demographic transitions: 
1. fertility rates by the age and marital status of 
the mother for each region; 
2. rates of first marriage, divorce, remarriage of 
divorcees, and remarriage of widows by sex and 
age for each region; 
3. death rates by sex, age, and marital status for 
each region; and 
4. rates of regional migrant outflows by sex, age, 
and marital status for each region; 
with the exception of: 
a. widowing (the remaining marital status change) 
by sex and age for each region, which can be 
determined by the stock of married couples by 
age of spouse and the deaths of married persons; 
and 
b. international migrant arrivals and departures by 
sex, age, and marital status for each region, 
which, particularly in the case of arrivals, are 
more difficult to express in terms of occurrence/ 
exposure rates--the normal data base for model 
schedules. 
In the remainder of this subsection, we detail the model 
schedules that have been chosen for our illustrative projection 
in Section 3, and refer readers to the references listed above 
for model schedules that have been applied in the demographic 
literature. 
2.2.1 F e r t i l i t y  
The demographic literature has concentrated on the modeling 
and projection of age specific fertility rates of all women of 
childbearing age. However, our framework allows us to consider 
separately marital and nonmarital fertility rates, thus enabling 
us to capture the effects on fertility of changes in the age and 
marital status distributions of women and to consider the differ- 
ent economic and demographic influences on marital and nonmarital 
fertility. In the illustrative projection given in this paper, a 
double-exponential function [developed and used by Coale and 
McNeil (1972) for first marriages] was used to describe, separ- 
ately for women of each marital status in each region, fertility 
rates at age x: 
-a (x-p) -e -A (x-p) f(x) = gae 
where the shape of the curve is defined by three parameters, 
a, b ,  and A, and the level of the curve is defined by a, the 
scaling parameter, and g, the gross fertility rate, which is the 
sum of the age-specific fertility rates. Although these par- 
ameters (apart from g) are not easily interpretable, it is 
possible to derive the propensity, mean, variance, and mode of 
the double-exponential function in terms of them (Coale and 
McNeil 1972; Rogers and Castro 1981a;and Sams 1981b). We are 
thus able to identify four potentially estimable parameters of 
marital and of nonmarital fertility--the propensity to have a 
confinement, and the mean age, variance in agerand modal age of 
women having confinements.* 
However, it is with some reservations that we have adopted 
this approach. Certainly the numbers and age distributions of 
married and unmarried women of childbearing age should influence 
fertility, and analysis of movements over time in the parameters 
of these model schedules of fertility would shed some light on 
past and expected future fertility behavior. This ap-proach may 
be adequate in the case of nonmarital fertility, but for marital 
fertility the decision to have a child is also strongly influ- 
enced by the number and timing of previous children born to the 
mother. This aspect of marital fertility could be incorporated 
via the use of separate model schedules for the age distributions 
of the fertility rates of women having confinements of different 
birth orders. Analysis of the changes over time in the par- 
meters of these age and birth order-specific model schedules 
would give insights into the influences on marital fertility of 
the past experiences of the cohorts of women of childbearing age 
and of the decisions made by parents with respect to family size. 
A time series of such parameters would provide an excellent basis 
for economic modeling. 
2.2.2 Marital Status 
Although Coale and McNeil's (1972) double-exponential model 
schedule of first marriage rates was introduced a decade ago, 
parametrized schedules of other changes in marital status have 
been produced only recently. ~illiams (1981) fitted gamma dis- 
tributions to ~ustralian rates of first marriage, divorce, 
*The use of confinements, as opposed to births, appears appro- 
priate since women do not make the decision to have a multiple 
birth. 
remarriage of divorcees, and remarriage of widows, for each 
year from 1921 to 1976. Using the gamma distribution, the rate 
of first marriage, of divorce, or of remarriage for males or 
females of age x is given by: 
where 
P is an index of the propensity to first 
marry, to divorce or to remarry; 
a and B are the parameters of the gamma distri- 
bution which can be expressed in terms 
of the mean age and variance in age of 
first marriage, of divorce, or of 
remarriage; 
x is exogenously set equal to the last age 0 at which a zero rate occurs; and 
r is the gamma function. 
Thus the distribution across ages of age-specific rates of each 
marital status change can be expressed in terms of three easily 
interpretable parameters--the propensity, mean age, and variance 
in age--whose time series can then be modeled and projected using 
an economic model. 
These model schedules provided adequate descriptions of 
Australian marital status changes, although some difficulties 
arose with age distributions that exhibited steep rises in early 
ages: in particular, the age distributions of first marriages. 
This difficulty was overcome by the addition of a second, time- 
invariant, gamma distribution. Functions based on the Coale- 
McNeil double exponential distribution seem better able to cope 
with the problem of steeply rising age distributions than the 
gamma distribution. Although the parameters of both functions 
can be expressed in terms of a propensity, mean age,and variance 
in age, the double-exponential function requires a further par- 
ameter--the modal age--whose movements over time may be more 
difficult to model and project. In the specification of model 
schedules, some sacrifice in accuracy across the age distribution 
may be necessary in order to allow for improved modeling and pro- 
jection of movement over time in the schedule. For this reason, 
gamma schedules have been used in the illustrative application in 
this paper. 
2 . 2 . 3  M o r t a l i t y  
Three principal approaches have been advanced for summariz- 
ing age patterns of mortality: f u n c t i o n a l  d e s c r i p t i o n s  in the 
form of mathematical expressions with a few parameters (Benjamin 
and Pollard 1980), n u m e r i c a l  t a b u l a t i o n s  generated from statis- 
tical summaries of large data sets (Coale and Demeny 1966), and 
r e l a t i o n a l  p r o c e d u r e s  associating observed patterns with those 
found in a standard schedule (Brass 197 1) . Until very recently, 
the search for a "mathematical law" of mortality produced mathe- 
matical functions that were successful in capturing empirical 
regularities in only parts of the age range, and numerical tabu- 
lationshave proved to be somewhat cumbersome and inflexible for 
applied analysis. Consequently, the relational methods £irst 
proposed by William Brass have become widely adopted. With two 
parameters and a standard life table, it has become possible to 
describe and analyze a large variety of mortality regimes par- 
simoniously. 
Recently Heligman and Pollard (1979) published a paper 
setting out several mathematical functions that appear to provide 
satisfactory representations of a wide range of age patterns of 
mortality. We adopt, in the illustrative projection given in 
this paper, the slightly modified Heligman and Pollard formula 
suggested by Brooks et al. (1980) : 
d(x) = dI (XI + dA(x) + dS (XI for x = 0 , 1 ,  ..., 100+ ( 3 )  
where 
/ Q o  for x = 0 
d (x) = I 
X Y Q1 for x > 0 
and 
for x - > 0 
for x > 0 
- 
We can interpret these three terms as representing infant and 
childhood mortality, mortality due to accidents, and mortality 
due to aging. 
Death rates can be shown to differ markedly not only 
between ages but also between sexes, between marital states 
and, perhaps, between regions. At the IMPACT Project, model 
schedules based on Equation 3 have been successfully fitted to 
Australian age-specific data for the death rates of persons of 
each sex and marital status. In practice not all components of 
the Heligman-Pollard curve are used, with the first component 
being omitted for married males and females and divorced and 
widowed females, and both the first and second components being 
omitted for divorced and widowed males. The IMPACT study is 
not reaion-specific, but, given availability of data, such model 
schedules could be fitted in each region. Movements over time 
in the parameters of such schedules could then be analyzed and 
used  f o r  p r o j e c t i o n  o f  f u t u r e  m o r t a l i t y  by a g e ,  s e x ,  m a r i t a l  
s t a t u s ,  and r e g i o n .  
2 . 2 . 4  R e g i o n a l  M i g r a t i o n  
I n  a  r e c e n t  s t u d y  o f  a g e  p a t t e r n s  i n  m i g r a t i o n  s c h e d u l e s ,  
Rogers  and C a s t r o  (1981a) have  shown t h a t  s u c h  p a t t e r n s  e x h i b i t  
a  p r o f i l e  t h a t  c a n  b e  a d e q u a t e l y  d e s c r i b e d  by t h e  m a t h e m a t i c a l  
e x p r e s s i o n :  
where 
i f  t h e  c u r v e  h a s  a  r e t i r e m e n t  peak ,  
i f  t h e  c u r v e  h a s  a n  upward r e t i r e m e n t  s l o p e ,  and 
i f  t h e  c u r v e  h a s  n e i t h e r  and i s  a p p r o x i m a t e l y  h o r i z o n t a l  a t  t h e  
p o s t - l a b o r  f o r c e  a g e s .  The m i g r a t i o n  r a t e ,  t h e r e f o r e ,  depends  
on v a l u e s  t a k e n  o n  by 1 1 ,  9 ,  o r  7 p a r a m e t e r s ,  r e s p e c t i v e l y .  The 
s h a p e  o f  t h e  second t e r m ,  t h e  l a b o r  f o r c e  component o f  t h e  c u r v e ,  
i s  t h e  d o u b l e - e x p o n e n t i a l  f o r m u l a  p u t  f o r w a r d  by C o a l e  and 
M c N e i l  ( 1 9 7 2 ) .  The f i r s t  t e r m ,  a  s i m p l e  n e g a t i v e  e x p o n e n t i a l  
c u r v e ,  d e s c r i b e s  t h e  m i g r a t i o n  a g e  p r o f i l e  o f  c h i l d r e n  and 
a d o l e s c e n t s .  F i n a l l y ,  t h e  p o s t - l a b o r  f o r c e  component i s  a  
c o n s t a n t ,  a n o t h e r  d o u b l e - e x p o n e n t i a l ,  o r  a n  upward s l o p i n g  
p o s i t i v e  e x p o n e n t i a l .  
I n  o u r  f ramework,  it i s  n e c e s s a r y  t o  d e t e r m i n e  model 
m i g r a t i o n  s c h e d u l e s  f o r  t h e  a g e  d i s t r i b u t i o n s  o f  r e g i o n a l  m i -  
g r a n t  o u t f l o w s  f o r  e a c h  s e x  and m a r i t a l  s t a t u s .  The model 
s c h e d u l e  g i v e n  i n  E q u a t i o n  4 can  be  u s e d ,  b u t  f o r  t h e  m a r r i e d  
and p r e v i o u s l y  m a r r i e d  s t a t e s ,  it i s  n o t  n e c e s s a r y  t o  i n c l u d e  
t h e - f i r s t  t e r m s ,  s i n c e  c h i l d r e n  and young a d o l e s c e n t s  d o  n o t  
e n t e r  t h e s e  m a r i t a l  s t a t e s .  The s c h e d u l e  h a s  been found t o  b e  
f l e x i b l e  enough t o  a d e q u a t e l y  f i t  a g e - s p e c i f i c  m i g r a t i o n  r a t e s  
d i s a g g r e g a t e d  by s e x  and m a r i t a l  s t a t u s ,  and it h a s  been  used  
i n  t h e  i l l u s t r a t i v e  p r o j e c t i o n  r e p o r t e d  i n  S e c t i o n  3 .  However, 
Rogers  and C a s t r o  ( 1  98 1 h) have  shown t h a t  model m i g r a t i o n  
s c h e d u l e s  c a n  a l s o  b e  a p p l i e d  t o  m i g r a t i o n  f l o w s  d i s a g g r e g a t e d  
by t h e  c a u s e  o f  movement. S i m i l a r  t o  t h e  b i r t h  o r d e r - s p e c i f i c  
f e r t i l i t y  s c 5 e d u l e s  d i s c u s s e d  e a r l i e r ,  c a u s e - s p e c i f i c  model 
s c h e d u l e s  o f  r a t e s  o f  m i g r a n t  o u t f l o w  c o u l d  p r o v i d e  sets o f  
p a r a m e t e r s  which more a d e q u a t e l y  c a p t u r e  t h e  u n d e r l y i n g  d e t e r -  
m i n a n t s  o f  m i g r a t i o n  and which can  b e  more s u c c e s s f u l l y  i n t e -  
g r a t e d ' i n t o  a n  economic model o f  m i g r a t i o n  b e h a v i o r .  
2.3 The Economic Model 
To p roduce  p o p u l a t i o n  p r o j e c t i o n s ,  some a s s u m p t i o n s  must  
b e  made a b o u t  t h e  t r a n s i t i o n s  e x p e c t e d  t o  o c c u r  o v e r  e a c h  y e a r  
o f  t h e  p r o j e c t i o n  o r ,  a s  i n  o u r  f ramework,  a b o u t  t h e  p a r a m e t e r s  
o f  t h o s e  t r a n s i t i o n s .  I n  o u r  framework, f u t u r e  movements i n  
demographic  v a r i a b l e s  a r e  r e l a t e d  t o  c h a n g e s  i n  t h e  economic and 
s o c i a l  s t r u c t u r e  o f  t h e  r e g i o n  u n d e r  a n a l y s i s .  M a r r i a g e  and 
d i v o r c e  a r e  a f f e c t e d ,  f o r  example,  by c h a n g i n g  incomes ,  r e l a t i v e  
wages,  unemployment, and c o n t r a c e p t i v e  u s a g e .  F e r t i l i t y  i s  a l s o  
a f f e c t e d  by t h e s e  f a c t o r s  and  by t h e  chang ing  p a t t e r n s  o f  m a r r i a g e  
and d i v o r c e .  Movement between r e g i o n s  i s  c l o s e l y  t i e d  t o  economic 
deve lopmen t s  w i t h i n  t h o s e  r e g i o n s  inasmuch a s  p e o p l e  w i l l  move t o  
regions with higher incomes, better employment opportunities, 
and better housing, as well as for personal reasons, such as 
marriage and divorce. International migration is also a response 
to relative economic opportunities. Policy analysis will be 
greatly aided if the relationships between demographic, economic, 
and social variables, some of which are amenable to policy con- 
trol, are explicitly incorporated into population projections. 
In this section, we consider the features of an economic 
model which could be used to simultaneously determine the future 
time paths ofthe parameters of fertility, marriage, divorce, and 
regional migration on the basis of scenarios of the future eco- 
nomic and demographic environment. In our framework, future 
values of the parameters of mortality and the net numbers of 
international migrants are assumed to be specified exogenously. 
Patterns of mortality are undoubtedly related to the economic 
environment and, for example, to changes in the provision of 
health care services. If the exogenous specification of future 
mortality were considered inadequate (for instance, in the case 
of population projections for a developing country), the rela- 
tionship between economic variables and the parameters of mortal- 
ity could be directly specified and incorporated in the economic 
model. The endogenization of mortality has not been attempted 
here, but there are several examples of this within demoeconomic 
models of developing countries (Food and Agriculture Organization 
1976; Rodgers, Hopkins, and Wery 1976; Simon 1976). Future inter- 
national migration will also be related to relative changes in 
the economic climates of origin and destination countries, as well 
as to changes in costs of migration and in government policies 
towards migration. Although no attempt has been made to endogen- 
ize international migration in this framework, there are several 
examples of such modeling attempts; for instance, Kelley (1965), 
Kelley and Schmidt (1 979) , Pope (1 976) , Quigley (1972), Wadensjo 
(1977), and Wilkinson (1970). 
In this paper we do not fully specify a simultaneous model 
of fertility, marriage, divorce, and regional migration but draw 
upon models already developed and attempt to identify their 
important features and provide suggestions for a possible model. 
Specifically, we draw upon work done at the IMPACT Project in spec- 
ifying a simultaneous model of fertility, marriage, divorce, and 
labor force participation and consider how this model could be 
linked with models of regional migration developed elsewhere [for 
example, those developed at IIASA by Kelley and Williamson (1980), 
and Gordon and Ledent (1981)l. First, we will discuss the theor- 
etical basis for, and the empirical specification of, the IMPACT 
model. Second, we will provide a brief survey of migration models, 
and, finally, we will consider how these could be combined to pro- 
vide a simultaneous model of fertility, marriage, divorce, and 
regional migration. 
2 . 3 . 1  Fertility, Marriage, Divorce, and Labor Force Participation* 
The IMPACT economic model (Brooks, Sams, and Williams 1982; 
Filmer and Silberberg 1977) incorporates the essential features of 
the "new home economics", which is an extension of consumer theory 
to incorporate nonpecuniary aspects of consumption, such as the 
utility derived from children and from leisure (see Becker 1960, 
1965; Lancaster 1966; Willis 1974). The individual or the family 
is treated as a decision-making unit that maximizes its utility 
from the consumption of "household commodities", which are produced 
by the household using its scarce resources of goods and services 
purchased in the market and of time of the individual or family 
members. Although children are not purchased in the market, inputs 
of market goods and services, and of time, are used by the house- 
hold to "produce" child services, which is a function both of the 
number of children and the resources (including time) intensity or 
"quality" of these children. Children therefore have a shadow 
price, partly reflecting the time intensity of their production 
and the opportunity cost of that time. Thus, with regard to fer- 
tility, the family is faced with a decision concerning the alloca- 
tion of its resources of time, especially of the mother, between 
child-rearing, labor force participation, and leisure. If child 
services are "normal goods", an increase in family income will tend 
to increase consumption of child services, which can imply growth 
in the number of children and/or in expenditures per child (that 
is, child quality). But, if the increase in family income derives 
*This section borrows heavily from Brooks, Sams, and Williams (1982). 
f rom a n  i n c r e a s e  i n  t h e  f ema le  wage r a t e ,  t h e  shadow p r i c e  o f  t h e  
m o t h e r ' s  t i m e  w i l l  have i n c r e a s e d ,  imp ly ing  t h a t  a  l a r g e r  p a r t  o f  
t h e  i n c r e a s e  i n  c h i l d  s e r v i c e s  w i l l  b e  d i r e c t e d  t o w a r d s  i n c r e a s e d  
c h i l d  q u a l i t y ,  r a t h e r  t h a n  i n c r e a s e d  numbers o f  c h i l d r e n  (Butz  
and Ward 1979; Heckman 1974;  Mincer  1 9 6 3 ) .  The e f f e c t  o f  f e r t i l -  
i t y  o n  noneconomic v a r i a b l e s ,  such  a s  b i r t h  c o n t r o l  and  i n f a n t  
m o r t a l i t y  r a t e s ,  c a n  be  i n c o r p o r a t e d  v i a  t h e i r  e f f e c t  on t h e  
r e l a t i v e  p r i c e s  o f  t h e  number and q u a l i t y  o f  c h i l d r e n .  
The "new home economics"  approach  h a s  a l s o  been  a p p l i e d  t o  
e x p l a i n  m a r r i a g e  (Becke r  1974)  and  d i v o r c e  (Becke r ,  Landes ,  and  
Michae l  1977; Hutchens  1979)  b e h a v i o r .  P e o p l e  a r e  assumed t o  
marry  when b o t h  p a r t i e s  e x p e c t  t o  e n j o y  a l e v e l  o f  u t i l i t y  which 
i s  g r e a t e r  t h a n  t h a t  which t h e y  c o u l d  r e c e i v e  i f  t h e y  remained  
s i n g l e .  Ga ins  from m a r r i a g e  a r e  r e l a t e d  t o  t h e  c o m p l e m e n t a r i t y  
between t h e  i n p u t s  t o  t h e  househo ld  o f  t h e  husband and  w i f e ,  which 
i s  h i g h e r  f o r  l a r g e  r e l a t i v e  wage d i f f e r e n t i a l s  between men and  
women. S i n c e  c h i l d r e n  p r o v i d e  a n  i m p o r t a n t  s o u r c e  o f  u t i l i t y  t o  
t h e i r  p a r e n t s ,  t h e  demand f o r  c h i l d  s e r v i c e s ,  and t h e  complemen- 
t a r i t y  o f  m a l e s  and  f e m a l e s  i n  p r o d u c i n g  t h e s e  c h i l d  s e r v i c e s ,  
w i l l  a c t  a s  a n  i n c e n t i v e  t o  mar ry  and t o  r ema in  m a r r i e d .  How- 
e v e r ,  t h e  d e c i s i o n  t o  mar ry  i s  n o t  w i t h o u t  c o s t ,  s i n c e  a  s i n g l e  
p e r s o n  must  spend r e s o u r c e s  s e a r c h i n g  f o r  a  s p o u s e .  Thus t h e  
d e c i s i o n  t o  mar ry ,  t h e  t i m i n g  of  t h a t  d e c i s i o n  and t h e  d u r a t i o n  
o f  s e a r c h  w i l l  depend n o t  o n l y  on t h e  g a i n s  o f  m a r r i a g e  b u t  a l s o  
o n  t h e  c o s t s  o f  s e a r c h  (Kee ley  1977,  1 9 7 9 ) .  S i n c e  d i v o r c e  and  
s e p a r a t i o n  a r e  t h e  r e s u l t  o f  c o n s c i o u s  c h o i c e  on  t h e  p a r t  o f  a t  
l e a s t  o n e  s p o u s e  t o  t e r m i n a t e  t h e  m a r r i a g e ,  t h e  r e v e r s e  o f  t h e  
f a c t o r s  d i s c u s s e d  above  a re  assumed t o  a p p l y .  
The "new home economics"  a l s o  p r o v i d e s  a  c o n s i s t e n t  f rame- 
work f o r  d e a l i n g  w i t h  f e m a l e  l a b o r  f o r c e  p a r t i c i p a t i o n  and i t s  
r e l a t i o n s h i p  t o  t h e  f e m a l e  wage r a t e ,  t h e  l e v e l  o f  m a l e  e a r n i n g s ,  
and  t h e  f e r t i l i t y  d e c i s i o n s  o f  m a r r i e d  women. The f e r t i l i t y  
d e c i s i o n s  o f  e a r l i e r  p e r i o d s  and  t h e  d e s i r e d  l e v e l s  o f  c h i i d  
q u a l i t y  c a n  i n f l u e n c e  t h e  l e v e l  o f  p a r t i c i p a t i o n  i n  t h e  work- 
f o r c e ,  and  i n  p a r t i c u l a r ,  r i s i n g  l e v e l s  o f  c h i l d  q u a l i t y  c a n  a c t  
a s  a n  inducement  f o r  m a r r i e d  women t o  e n t e r  t h e  w o r k f o r c e  i n  
o r d e r  t o  supplement  t h e  f a m i l y  income. 
The IMPACT economic model provides a practical application 
of these theories and also attempts to capture some of the dynam- 
ic elements of family formation, family size, and labor force 
participation and their interactions. It explains the probabil- 
ities of marriage and divorce and their age profiles (that is, 
in our framework, the parameters of the model schedules of first 
marriage, remarriage, and divorce) as a function of variables 
such as the demand for child services (for marriage only), the 
female/male relative wage rate, real GDP per capita, an index of 
female educational attainment (for marriage only), the rate of 
oral contraceptive usage (for marriage only), the number of 
dependents per married female (for divorce only), real social 
security payments (for divorce only) and dummy variables to 
account for the effects of war (for marriage only) and divorce 
legislation (for divorce only). In the model, marital confine- 
ments by birth order are determined by treating fertility deci- 
sions sequentially, beginning with the decision to have a first 
marital confinement and then to have higher order confinements 
(Sams 1979a, 1979b). First and higher order marital confine- 
ments (specifically, the crude first marital confinement rate 
and the mean and variance of implied completed family size) are 
related to the real female hourly wage rate, real GDP per capita, 
the rate of oral contraceptive usage, the real old age pension 
rate, weighted first marriages per married female (for first 
marital confinements only) and dummy variables to account for 
the effects of war. Although labor force participation rates 
are not directly relevant in our one-sided framework for regional 
population projections, the IMPACT model of labor force partici- 
pation rates (Brooks, Sams, Williams 1982) could provide an 
important link in a fully simultaneous model of demographic- 
economic interactions (see Ledent 1978, Ledent and Gordon 1981 
on this point). 
The IMPACT economic model has been moderately successful in 
explaining Australian marriage, divorce, fertility, and labor 
force participation over the period 1921 to 1976 [see Brooks, 
Sams, and Williams (1982) for full details of the model specifi- 
cation, estimation, and performance],. Although the fertility 
equations are not directly related to the parameters of model 
schedules of fertility (and hence could not be used in our 
illustrative projection), aspects of this approach could be use- 
ful in the specification of the relationships between fertility 
parameters and economic and social variables (see Sams 1979b). 
Given this refinement, which we were unable to do in the time 
available, and adequate data, the model could be estimated with 
separate equations specified for each region and, when combined 
with equations specifying regional migration and its relation- 
ship to economic and demographic variables in the source and 
destination regions (to be discussed next), would provide the 
simultaneous model of fertility, marriage, divorce, and regional 
migration necessary to complete our framework for multistate 
population projection. 
2.3.2 Regional Migration* 
People choose to migrate when they expect to incur some 
positive gain, either of a pecuniary or nonpecuniary nature, 
and their choice of destination will be that region in which 
they can expect to incur the greatest net benefit. The benefits 
associated with migration could include improved real income- 
earning potential for the migrant and/or his family, via higher 
wage rates, expanded and more secure employment opportunities, 
lower living costs, better educational facilities, less expensive 
housing, and greater availability and choice in housing. Non- 
pecuniary benefits of migration could include improved climate, 
better living environment, and enhanced personal relationships, 
where the migrant is moving to be closer to friends and family, 
or in response to changing marital arrangements, such as marriage, 
divorce, or widowhood. These benefits must be balanced against 
the costs of migration, which include transportation and reloca- 
tion costs, costs of return trips to the home region, and the 
psychic costs of "taking a risk" and of moving away from family 
and friends. 
*Greenwood (1975) provides an excellent survey of research on 
regional migration, and Long and Hansen (1979) provide an inter- 
esting study of the reasons for regional migration, both of 
which concentrate on the United States and have been referred to 
in the drafting of this section. 
Models of migration flows between regions have attempted 
to encapsulate the personal motivations of migrants by incor- 
porating variables representing regional income, employment and 
living environment differentials and measures of the costs, both 
real and psychic, as well as the uncertainty associated with 
migration. Early studies used regional population size as a 
proxy for income-earning potential and distance as a proxy for 
the transportation and psychic costs of migration as well as for 
the availability of information and the uncertainty involved in 
the move (Zipf 1946; Dodd 1950). Several studies improved upon 
the causal content of these gravity models by using indices of 
the relative attractiveness of regions to partition total migra- 
tion into directional flows between each region (Somermeijer 
1961; Lowry 1966). Lowry's model of migration inflows and out- 
flows assumes that people migrate in search of jobs from low 
wage to high wage rates and from areas of labor surplus to those 
with labor shortages. According to this model, over time migra- 
tion to areas of relative attractiveness will tend to reduce 
regional wage rate and labor supply imbalances and thereby re- 
duce migration flows to those levels implied by the gravity 
model. 
Nany studies since Lowry have concentrated on improving 
the way in which economic variables are specified in migration 
models. Todaro (1969) has emphasized the role of the unemploy- 
ment rate in the destination region as a proxy for the probab- 
ility that the potential migrant will find employment in that 
region within a reasonable time. His model has been improved 
upon, for the special case of net rural-urban labor migration 
in developing countries, by Kelley and Williamson (1980) and 
a model incorporating features of both these studies has been 
suggested by Ledent and Gordon (1 981 ) . Ledent and Gordon 
assume that the propensity of an individual to move from one 
region to another depends on the relative attraction of the 
destination region, expressed as the percentage of the system's 
population living in that region, and on the earnings differen- 
tials between the regions, expressed by a quotient of the real 
expected wages one can expect to earn in those regions. 
The regional real expected wage rate is given by the product of 
the average wage rate and the ratio of total employment to total 
labor force, deflated by a cost-of-living index adapted from 
Kelley and Williamson ( 1980) . 
The effect of uncertainty and lack of information on the 
decision to migrate has been modeled by using past migration 
levels as a positive determinant of current inmigration 
(Greenwood 1975). The more persons who have migrated from a 
given source region to a given destination region, the greater 
will be the quantity of information sent back from the destin- 
ation region, and the greater will be the likelihood that 
friends and relatives will be present in the destination region. 
Past inmigration levels may also determine future outmigration, 
since persons who have migrated once are more likely to migrate 
again (Miller 1973; Greenwo~d 1973). As for psychic costs, 
Schwartz (1973) has suggested that the psychic cost of migra- 
tion can be directly measured by the cost of visits necessary 
to negate the effect of isolation from family and friends. 
The decision to migrate will also vary according to the 
personal characteristics of the migrant. Adults are more likely 
to migrate when they are young, since they are less likely to be 
restricted by family, career, and community responsibilities 
(Gallaway 1969), and they can expect a longer working life over 
which to realize the advantages of migration (Becker 1964). 
Because very young children are more likely to have young, 
mobile parents, migration rates will be higher for young chil- 
dren than for adolescents. Unmarried or previously married 
people are less likely to have their freedom of movement restric- 
ted by family ties. Race and economic and social class may have 
some influence on the likelihood of migration (Greenwood 1975). 
Education may increase the likelihood of migration, since educa- 
tion tends to increase the awareness of other localities and the 
availability of employment information and opportunities. It 
also tends to reduce the importance of tradition and family ties 
(Greenwood 1975) . 
Ideally, a model of regional migration flows should incor- 
porate these demographic, economic, and noneconomic determinants 
of migration. As such it shculd separately model migration in- 
flows and outflows; there is no such person as a net migrant. 
It should also respond to changes in the demographic profile of 
the region of origin, since sex, age, marital status, race, social 
and economic class, and educational attainment have been shown 
to influence the likelihood that an individual will migrate. In 
our framework, we apply projected sex/age/marital status-specific 
rates of migration outflow to the sex/age/marital status profile 
of the origin region, thus allowing for the automatic response 
of numbers of migrant outflows to changes in the demographic 
profiles of the regional source populations. Unfortunately, 
race, class, and educational characteristics of regional popula- 
tions are not directly incorporated in this framework, since 
this would require projections of the populations disaggregated 
by all of these characteristics. 
The sex/age/marital status-specific rates of migration 
outflow are projected from the parameters of model migration 
schedules, which can be grouped as follows: 
1. those parameters which determine the level of the 
model schedule--al, a2, a3, and c; 
2. those parameters which determine the shape of the 
model schedule--a a2, a3, h2, and h3; and 1 '  
3. those parameters which determine the location of 
the components of the model schedule--p2 and p 3 ' 
These eleven parameters are not all easy to interpret or model in 
terms of the economic and noneconomic determinants of migration, 
in particular those parameters which determine the shape and 
location of the model schedule. The majority of studies of 
regional migration have attempted to explain only gross migration 
levels, and the variables suggested in these studies can be used 
to model the "level" parameters. However, to maintain consistency 
across the age distribution of migration rates, it may be neces- 
sary to constrain the modeling of these parameters according to 
some s i m p l e  e m p i r i c a l l y  de te rmined  r e l a t i o n s h i p . *  I n  a  model o f  
m i g r a t i o n  l e v e l s ,  t h e  d e t e r m i n a n t s  d i s c u s s e d  above would v a r y  i n  
impor tance  a c c o r d i n g  t o  t h e  l e v e l  p a r a m e t e r  b e i n g  modeled.  For  
i n s t a n c e ,  we c o u l d  e x p e c t  t h e  l e v e l  of  r e t i r e m e n t  m i g r a t i o n  ( a s  
e n c a p s u l a t e d  by t h e  p a r a m e t e r  a 3 )  t o  b e  r e l a t e d  more s t r o n g l y  
t o  noneconomic d e t e r m i n a n t s  o f  m i g r a t i o n ,  such  a s  c l i m a t e  and 
l i f e s t y l e ,  t h a n  t o  employment f a c t o r s .  Thus,  i n  compar ison  t o  
t h e  e q u a t i o n  e x p l a i n i n g  a  ( t h e  l e v e l  o f  l a b o r  f o r c e  m i g r a t i o n ) ,  2 
t h e  c o e f f i c i e n t s  r e l a t i n g  t o  noneconomic v a r i a b l e s  i n  t h e  equa- 
t i o n  e x p l a i n i n g  a  would b e  r e l a t i v e l y  g r e a t e r  t h a n  t h o s e  r e l a t -  3  
i n g  t o  economic v a r i a b l e s .  The means by which t h e  more p o o r l y  
de te rmined  " shape"  and " l o c a t i o n "  p a r a m e t e r s  would b e  p r o j e c t e d  
c o u l d  v a r y  a c c o r d i n g  t o  t h e  p a r t i c u l a r  c h a r a c t e r i s t i c s  o f  t h e  
c o u n t r y  under  a n a l y s i s ,  w i t h  some b e i n g  p r o j e c t e d  exogenously  
on t h e  b a s i s  o f  s i m p l e  t i m e  t r e n d s  o r  as f u n c t i o n s  o f  t h e  l e v e l  
p a r a m e t e r s  ( a s  i n  Schmidt  1 9 8 0 ) .  For  i n s t a n c e ,  t h e  l o c a t i o n  
p a r a m e t e r s  c o u l d  be  p r o j e c t e d  u s i n g  a  s i m p l e  t i m e  t r e n d  r e f l e c t -  
i n g ,  s a y ,  f o r  u 2 ,  a l o n g  t e r m  d e c l i n e  b r o u g h t  a b o u t  by t h e  
i n c r e a s e d  independence  o f  young p e r s o n s  a n d ,  f o r  u 3 ,  a  l o n g  t e r m  
d e c l i n e  b r o u g h t  a b o u t  by t h e  d e c l i n i n g  a g e  a t  r e t i r e m e n t .  T h i s  
approach h a s  t h e  a d v a n t a g e  o f  r e d u c i n g  t h e  number of  p a r a m e t e r s  
n e c e s s a r y  f o r  model ing  and p r o j e c t i o n .  
2 . 3 . 3 .  T h e  S i m u l t a n e o u s  Model  
The above  d i s c u s s i o n  h a s  d e t a i l e d  t h e  components o f  an  
economic model o f  f e r t i l i t y ,  m a r r i a g e ,  d i v o r c e ,  and r e g i o n a l  
m i g r a t i o n  which c o u l d  b e  i n c o r p o r a t e d  i n t o  o u r  framework f o r  
m u l t i s t a t e  p o p u l a t i o n  p r o j e c t i o n .  Given s u f f i c i e n t  d a t a ,  t h e  
p a r a m e t e r s  o f  t h e  model s c h e d u l e s  o f  e a c h  o f  t h e s e  demographic 
t r a n s i t i o n s ,  f o r  e a c h  r e g i o n ,  can  b e  modeled on t h e  b a s i s  o f  a  
number o f  economic and s o c i a l  v a r i a b l e s  which have  been d e t a i l e d  
* E x h a u s t i v e  s t u d i e s  o f  model m i g r a t i o n  s c h e d u l e s  i n  developed 
c o u n t r i e s  by Rogers  and C a s t r o  (1981a)  s u g g e s t  a t  l eas t  t h e  
f o l l o w i n g  r e l a t i o n s h i p :  a  < a  < a  3  1 2 ' 
above. Some of these variables, such as regional wage rates and 
income levels, would, in conjunction with other variables, 
jointly determine all of the demographic transitions, whereas 
other variables, such as climate and relocation costs, would 
figure in only one of the transitions. Unfortunately, time, 
data, and financial constraints have not allowed us to estimate 
such a model as yet. Thus in the illustrative projection for 
Australia presented in the following section, only parts of such 
a model have been implemented. 
3. AN ILLUSTRATIVE APPLICATION 
In this section we combine the projection facilities set up 
by IIASA and IMPACT to produce an illustrative projection of the 
Australian population disaggregated by two sexes, 101 single 
years of age, four marital states and two regions, where Region A 
comprises the more populous southern states of New South Wales, 
Victoria, South Australia, Tasmania, and the Australian Capital 
Territory, and Region B comprises the sparsely populated and pre- 
dominantly northern states of Queensland, Western Australia, and 
the Northern Territory. The IIASA and IMPACT facilities each 
contain some, but not all, of the features of our framework. The 
facility developed at IIASA employs a consistent multiregional 
projection algorithm, which uses model schedules and life tables 
but does not allow for two-sex/marital status consistency, nor 
does it have an economic model to drive its projections. IMPACT, 
on the other hand, employs an algo'rithm which uses model sched- 
ules, allows for two-sex/marital status consistency, and has an 
economic model to drive its projections, but it does not incorpor- 
ate a regional dimension nor does it use life tables. 
The two facilities can be combined by using a three-step 
procedure. First, chosen scenarios of future regional economic 
growth are fed into the IMPACT facility's economic model to derive 
projections of the parameters of marriage and divorce, which are 
then used with the model schedules to determine initial projections 
of the numbers of marriages and divorces by sex and age for each 
region. Consistency between the marriage and divorce behavior of 
males and females and between the deaths of married persons and 
the widowing of their spouses is then enforced separately for each 
of the two regions to derive consistency-adjusted projections of 
numbers of marriages, divorces, and widowinqs by sex and age in 
each region, which are then reconverted to rates per numbers of 
persons at risk for input to the IIASA facility. Second, these 
consistent projections of marital status flows and exogenous 
projections of parameters of fertility, deaths, and regional 
migration are then fed into the IIASA facility to determine, via 
model schedules, multistate life tables, and multistate projec- 
tion techniques, the evolution of population disaggregated by age, 
sex, marital status, and region. Third, because international 
migration is not included in IIASA's facility, it must be added 
on at each iteration. 
It is unfortunate that at this stage fertility and regional 
migration could not be determined by an economic model; however, 
the parametric assumptions for these two components of change have 
been chosen so as to produce results roughly consistent with the 
outputs one could expect from an economic model. Also, in general, 
data were not readily available at a regional level for the 
estimation of the model schedules. Thus, for marriage, divorce, 
fertility, a ~ d  eath rates, model schedules which had been fitted 
to Australia-wide data were used. The level parameters of these 
model schedules were then adjusted, for each region, to reproduce 
the numbers of marriages, divorces, birthslor deaths experienced 
in 1980 for that region. At this point, it is important to stress 
again that the projection is only intended to be illustrative: 
data have been crudely constructed, the full framework has not 
been implemented and the differences between the demographic and 
economic scenarios in the two regions have been exaggerated, to 
some extent, to better illuminate features of the framework. The 
principal purpose of this illustrative application is to show 
that the framework can be implemented and that it can be a useful 
analytic and policy-relevant tool. 
3.1 The Demographic and Economic Scenarios and Their Implications 
Details of the derivation of the consistent marital status 
flows and of the exogenous projections of fertility, deaths, and 
interregional and international migration are set out in Williams 
(1982); they will only be briefly summarized here and presented 
along with their implications for the crude rates of projected 
derr.ographic transitions. 
3 . 1 . 1  M a r i t a l  S t a t u s  F l o w s  
Lacking separate models for Region A and Region B, we have 
used the national economic model (Brooks, Sams, and Williams 1982) 
of the IMPACT facility to project parameter values for the model 
schedules in each region, as follows. First, a low economic 
growth scenario was adopted by the national model to project a 
time series of parameters of marriage and divorce for each sex. 
These were assigned to Region A. Second, a somewhat higher 
economic growth scenario was adopted to project the parameters 
for Region B. These scenarios (detailed in Sams and Williams 
1982) are best characterized by the assumptions regarding per 
annum growth in real Gross Domestic Product per capita of (0.0%, 
2.0%) and the choice of the long-term unemployment rate of (6.0%, 
2.0%) for the (low, high) scenario. This procedure assumes that 
the elasticities of the parameters of marriage and divorce to 
changesin economic variables in each region are the same as for 
the nation as a whole--a reasonable assumption for the large 
regions being considered in this illustration. 
According to the economic model, changes in the popularity 
of marriage can be attributed to the positive effects of rising 
demand for "child services" and rising real GDP per capita, as 
well as to the negative effects of movements towards equality in 
male and female wage rates and to the increasing level of female 
educational attainment. In the projection procedure, the negative 
influences upon marriage are equal for both regions, since the 
latter two variables are assumed to increase at the same rate in 
each region. However, compared with Region A, higher growth in 
real GDP and higher demand for child services is assumed in 
Region B. As a result, the projected parameters indicate, for 
males and females, a higher propensity for, and lower mean age 
and variance in age at, first marriage and remarriage of divorced 
and widowed persons in Region B than in Region A. The popularity 
of divorce in the economic model is positively related to growth 
in real GDP per capita, in the relative wage rate and in the real 
values of the pensions of widows, and to the decline in the number 
of children per married woman. Again, the more positive economic 
influences in Region B are such that a higher propensity to 
divorce and a higher mean age and variance in age at divorce are 
projected for Region B than for Region A. The differentials 
between Region A and Region B grow over the period for both 
marriages and divorces. 
These projected parameters were used to calculate the 
consistency-adjusted numbers of marriages, divorces, and widow- 
i n g ~  by sex and age in each region, which were then used in the 
population projection. As Tables 1 and 2 indicate, the combined 
effect over the projection period of changes in these parameters 
and in the populations at risk in Region B is to increase sub- 
stantially the crude first marriage and divorce rates. For 
Region A, however, the crude first marriage rate for both sexes 
declines and the crude divorce rate for both sexes increases until 
the early 1990s and then begins to decline such that, over the 
whole projection period, the rate of increase is much slower 
than that experienced in Region B. These different growth rates 
reflect the negative effect of a poor economic environment on the 
propensity to change marital status. The crude remarriage rates 
for widowed and divorced males and females also decline substan- 
tially for Region A, but the corresponding rates for Region B 
increase for males and decline for females, as a result of the 
complex interaction between changes in the age-specific rates of 
remarriage and changes in the age and marital status distribution 
of the regional populations. The crude widowhood rates in Region 
A increase slightly for both males and females, but in Region B 
the crude widowhood rates are lower and first increase and then 
decrease over the projection period, partly as a result of the 
lower crude death rates in Region B, which allow married couples 
to survive longer. 


3 . 1 . 2  F e r t i l i t y  
Fertility rates by the age, marital status, and region of 
the mother were based on model schedules of the age distribution 
of age-specific fertility rates. Model schedules were fitted to 
Australia-wide data for the fertility rates of married and un- 
married mothersfand it was assumed that the same model schedules, 
with the same parameter values, would pertain in each region, 
except that the gross fertility rates would vary between regions 
over the projection period.* Gross fertility rates for marital 
births were assumed to increase by 0.6% per annum in Region A 
and by 0.5% per annum in Region B, implying that the net effect 
of economic growth is to reduce fertility. For nonmarital fer- 
tility, the gross fertility rates were assumed to increase faster 
than those for marital fertility, at 0.65% per annum in Region A 
and 0.55% per annum in Region B. Given the assumptions of high 
levels of adult international migration and of declining death 
rates, these slow increases in fertility do not counteract the 
aging of the population in either region. In Region B, fertility 
is assumed to increase more slowly than in Region A but the pro- 
jection of higher marriage rates in g.egion B leads to a higher 
proportion of women in the region being exposed to the higher 
fertility rates of married women (compared with unmarried women). 
Consequently, as shown in Table 3, the crude birth rate in 
Region B increases by an average of 0.24% per annum, whereas 
that in Region A declines by 0.17% per annum. The net reproduc- 
tion rate (which removes the influence of changing age distribu- 
tions of women over time and between regions) increases in Region 
A by 0.50% per annum and rises in Region B by 0.86% ?er annum, 
such that, by the year 2000 the net reproduction rate in Region A 
is 1.0132 and in Region B is 1.1196, compared with 0.9161 and 
0.9442, respectively, in 1980. 
*Model schedules (as described in Section 2) were fitted to data 
on confinement rates of married and unmarried mothers, under the 
assumption that the schedules for unmarried women would provide 
rates which could be applied to the population of women in each 
nonmarried state. The number of confinements so derived were 
multiplied by a factor of 1.010 to allow for multiple births and 
a sex ratio of 0.513 was applied to derive the total numbers of 
male and female births. 
TABLE 3 
SUMMARY S T A T I S T I C S  FOR PROJECTED DEMOGRAPHIC 
TRANSITIONS, 1 9 8 0 / 8 1  TO 2 0 0 0 / 0 1  
Crude B i r t h  R a t e s  Crude Death R a t e s  Crude M i g r a t i o n  R a t e s  
Region A Region B Region A Region B Region A Region B 
Average Annual 
Growth R a t e  -0.167 0.242 
( i n  p e r c e n t a g e s )  
3 . 1 . 3  M o r t a l i t y  
Death r a t e s  by s e x ,  a g e ,  m a r i t a l  s t a t u s ,  and r e g i o n  were 
a l s o  based on model s c h e d u l e s ,  which w e r e  f i t t e d  t o  A u s t r a l i a -  
wide d a t a  f o r  a g e - s p e c i f i c  d e a t h  r a t e s  o f  p e r s o n s  o f  each  s e x  
and m a r i t a l  s t a t u s .  I t  was assumed t h a t  t h e  same model s c h e d u l e s ,  
w i t h  t h e  same pa ramete r  v a l u e s ,  e x c e p t  f o r  t h e  l e v e l  p a r a m e t e r s ,  
would p e r t a i n  i n  each r e g i o n .  The p a r a m e t e r s  w e r e  h e l d  c o n s t a n t  
o v e r  t h e  p r o j e c t i o n  p e r i o d ,  w i t h  t h e  e x c e p t i o n  t h a t  t h e  l e v e l  
p a r a m e t e r s  were assumed t o  d e c l i n e  by 1 . 5 %  p e r  annum t o  t h e  y e a r  
2 0 0 0 ,  implying an  e q u i v a l e n t  d e c l i n e  i n  t h e  a g e - s p e c i f i c  d e a t h  
r a t e  f o r  a l l  a g e s .  However, t h e  c r u d e  d e a t h  r a t e ,  shown i n  
T a b l e  3 ,  i n c r e a s e s  by an  a v e r a g e  o f  0.19% p e r  annurn f o r  Region A 
and d e c l i n e s  by o n l y  0.23% p e r  annum f o r  Region B ;  t h i s  i s  a  
r e s u l t  o f  t h e  i n c r e a s e d  c o n c e n t r a t i o n  o f  t h e  p o p u l a t i o n  i n  o l d e r  
a g e  g r o u p s ,  e s p e c i a l l y  i n  Region A w i t h  i t s  lower  o v e r a l l  f e r t i l -  
i t y  and h i g h e r  o u t m i g r a t i o n .  
3 . 1 . 4  R e g i o n a l  M i g r a t i o n  
Model s c h e d u l e s  w e r e  f i t t e d  t o  a g e - s p e c i f i c  r a t e s  of  
m i g r a t i o n  o u t f l o w  f o r  each  s e x ,  m a r i t a l  s t a t u s ,  and r e g i o n .  
U n f o r t u n a t e l y ,  it was n o t  p o s s i b l e  t o  u s e  t h e s e  model s c h e d u l e s  
beyond t h e  f i r s t  y e a r  of  p r o j e c t i o n . *  I n s t e a d ,  t h e  n u m b e r s  o f  
m i g r a n t s  impl ied  by t h e  model s c h e d u l e s  i n  t h a t  f i r s t  y e a r  w e r e  
used f o r  t h e  remainder  of  t h e  p r o j e c t i o n  p e r i o d ,  w i t h  t h o s e  
numbers b e i n g  s c a l e d  un i fo rmly  i n  each y e a r  t o  e n s u r e  a  t o t a l  
n e t  m i g r a t i o n  towards  Region B of  55,000 p e r s o n s  by t h e  y e a r  
2000--an a n n u a l  a v e r a g e  growth o f  2 . 5 % .  Thus, a l t h o u g h  m i g r a t i o n  
from Region B t o  Region A i s  assumed t o  grow a t  2 . 0 %  p e r  annum, 
t h e  g r e a t e r  economic growth and improved employment o p p o r t u n i t i e s  
*S ince  t h e  IMPACT f a c i l i t y  i s  n o t  c o n s t r u c t e d  on a  r e g i o n a l  b a s i s ,  
it was n e c e s s a r y  t o  implement t h a t  f a c i l i t y  s e p a r a t e l y  f o r  e a c h  
r e g i o n .  Thus i n  a  p r o j e c t i o n  f o r  Region A t h e  f a c i l i t y  h a s  no 
knowledge a b o u t  t h e  p o p u l a t i o n  o f  Region B ,  and t h e r e f o r e  c a n n o t  
u s e  m i g r a t i o n  i n f l o w s  e x p r e s s e d  i n  t e r m s  of r a t e s  o f  m i g r a t i o n  
p e r  demographic group i n  Region B .  T h i s  i s  an u n f o r t u n a t e  s i t u -  
a t i o n  which c o u l d  n o t  be remedied i n  t h e  t i m e  a v a i l a b l e .  
i n  Region B a r e  assumed t o  i n d u c e  m i g r a t i o n  from Region A t o  
Region B t o  grow a t  an  a v e r a g e  o f  2 . 2 %  p e r  annum. The consequences  
o f  t h e s e  a s s u m p t i o n s  w i l l  b e  d i s c u s s e d  a l o n g  w i t h  t h o s e  f o r  i n t e r -  
n a t i o n a l  m i g r a t i o n .  
3.1.5 Internationai! Migration 
The exogenous p r o j e c t i o n s  o f  n e t  numbers o f  i n t e r n a t i o n a l  
m i g r a n t s  w e r e  based  o n  t h e  a s s u m p t i o n s  t h a t ,  f o r  Region A ,  t o t a l  
n e t  i n t e r n a t i o n a l  m i g r a t i o n  would i n c r e a s e  a t  a p p r o x i m a t e l y  t h e  
same r a t e  a s  p o p u l a t i o n  g rowth  such  t h a t  it e q u a l l e d  a b o u t  0 .55% 
of  t h e  p o p u l a t i o n  o f  Region A t h r o u g h o u t  t h e  p r o j e c t e d  p e r i o d ,  
a n d ,  f o r  Region B ,  t o t a l  n e t  i n t e r n a t i o n a l  m i g r a t i o n  would i n -  
c r e a s e  f a s t e r  t h a n  p o p u l a t i o n  growth  s u c h  t h a t  it i n c r e a s e d  from 
0.53% o f  t h e  p o p u l a t i o n  o f  Region B i n  1980 t o  a b o u t  0 .60% i n  2000. 
These  a s s u m p t i o n s  imply  a n  a n n u a l  a v e r a g e  i n c r e a s e  o f  1 .04% f o r  
Region A and 3 .35% f o r  t h e  h i g h  growth  r e g i o n ,  Region B ,  c u l m i n a t -  
i n g  i n  a  n e t  i n t e r n a t i o n a l  m i g r a t i o n  o f  74 ,500  p e r s o n s  t o  t h e  more 
popu lous  Region A and 37 ,500  p e r s o n s  t o  Region B i n  t h e  y e a r  2000. 
The same s e x / a g e / r n a r i t a l  s t a t u s  d i s t r i b u t i o n  o f  a r r i v a l s  and 
d e p a r t u r e s  f o r  A u s t r a l i a  a s  a  whole was assumed t o  a p p l y  f o r  e a c h  
r e g i o n .  The e f f e c t  o f  t h e s e  a s s u m p t i o n s ,  combined w i t h  t h o s e  f o r  
r e g i o n a l  m i g r a t i o n ,  i s  t o  imp ly ,  a s  shown i n  T a b l e  3 ,  a  r a p i d l y  
d e c l i n i n g  c r u d e  n e t  m i g r a t i o n  r a t e  i n  Region A and a n  i n c r e a s i n g  
c r u d e  n e t  m i g r a t i o n  r a t e  i n  Region B ,  p r o v i d i n g  a n  example o f  t h e  
r e s u l t s  one  would e x p e c t  f rom an  economic model p r e s e n t e d  w i t h  a n  
economic s c e n a r i o  o f  s u b s t a n t i a l l y  h i g h e r  economic g rowth  i n  
Region B t h a n  i n  Region A .  
3.2 The P r o j e c t e d  P o p u l a t i o n s  
The p r o j e c t e d  p o p u l a t i o n s  by s e x  and r e g i o n  f o r  1980 t o  
2001, g i v e n  i n  T a b l e  4 ,  i n d i c a t e  t h a t  Region B i s  p r o j e c t e d  t o  grow 
a t  a n  a v e r a g e  a n n u a l  r a t e  o f  2 . 6 9 % ,  compared w i t h  1.14% f o r  Region 
A .  These  d i f f e r e n t i a l  g rowth  r a t e s  a r e  t h e  combined r e s u l t  o f  o u r  
a s sumpt ion  o f  d i f f e r e n t  economic and  demographic  s c e n a r i o s  f o r  e a c h  
r e g i o n  and o f  t h e  d i f f e r e n t  i n i t i a l  s t r u c t u r e s  o f  t h e  r e g i o n a l  
p o p u l a t i o n s .  The r e l a t i v e l y  low economic g rowth  i n  Region A 
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r e s u l t s  i n  i n c r e a s i n g  o u t m i g r a t i o n  t o  Region B and lower  o v e r a l l  
f e r t i l i t y . *  Although a g e - s p e c i f i c  f e r t i l i t y  r a t e s  f o r  m a r r i e d  and 
unmarried f e m a l e s  i n  Region A i n c r e a s e  f a s t e r  t h a n  i n  Region B ,  
lower m a r r i a g e  r a t e s ,  i n  r e s p o n s e  t o  p o o r e r  economic c o n d i t i o n s ,  
l e a d  t o  a  f a l l  i n  t h e  p r o p o r t i o n  o f  m a r r i e d  women i n  Region A a n d ,  
t h e r e f o r e ,  t o  a  f a l l  i n  t h e  numbers of  women a t  r i s k  of a  m a r i t a l  
conf inement .  When combined w i t h  t h e  a g i n g  o f  t h e  p o p u l a t i o n  ( t o  
b e  d i s c u s s e d  n e x t ) ,  t h i s  l e a d s  t o  a  f u r t h e r  r e d u c t i o n  i n  f e r t i l i t y  
i n  Region A .  The r e s u l t  of  t h e s e  complex i n t e r a c t i o n s  between 
demographic changes  i s  t h e  s lower  p o p u l a t i o n  growth i n  Region A 
and t h e  f a s t e r  growth i n  Region B .  
The a g e  d i s t r i b u t i o n s  of  t h e  r e g i o n a l  p o p u l a t i o n s  change 
s u b s t a n t i a l l y  o v e r  t h e  p r o j e c t i o n  p e r i o d ,  a s  shown i n  T a b l e  5 .  
I n i t i a l l y ,  i n  1980, Region A had a  s l i g h t l y  o l d e r  p o p u l a t i o n  t h a n  
Region B ,  w i t h  p e r s o n s  under  15 y e a r s  r e p r e s e n t i n g  255 and p e r s o n s  
o v e r  55 y e a r s  r e p r e s e n t i n g  19% of  i t s  p o p u l a t i o n ,  compared w i t h  
c o r r e s p o n d i n g  f i g u r e s  of  26% and 1 8 % ,  r e s p e c t i v e l y ,  f o r  Region B .  
However, by t h e  y e a r  2001, t h e  a g i n g  of  t h e  p o p u l a t i o n  i n  Region A 
h a s  p r o g r e s s e d  such  t h a t  o n l y  23.54% of t h e  p o p u l a t i o n  i s  under  
15 y e a r s  and 21.31% i s  o v e r  55 y e a r s ,  compared w i t h  26.07% and 
20 .18%,  r e s p e c t i v e l y ,  f o r  Region B .  I t  i s  i n t e r e s t i n g  t o  n o t e  
t h e  e f f e c t  o f  t h e s e  changes  i n  t h e  a g e  d i s t r i b u t i o n  of t h e  r e g i o n a l  
p o p u l a t i o n s  upon t h e  dependency r a t i o s  i n  each  r e g i o n . * *  There  a r e  
s e v e r a l  a s p e c t s  of t h e  A u s t r a l i a n  s c e n e  which a r e  r e l e v a n t .  F i r s t ,  
t h e  a g i n g  p r o c e s s  i s  n o t  a s  s e v e r e  a s  d e c l i n i n g  d e a t h  r a t e s  would 
s u g g e s t  because  t h e  people.  moving i n t o  t h e  aged group d u r i n g  t h i s  
p r o j e c t i o n  p e r i o d  w i l l  be t h e  r e l a t i v e l y  s m a l l  c o h o r t  who were born 
- 
*For  t h i s  p r o j e c t i o n ,  m i g r a t i o n  and f e r t i l i t y  p a t t e r n s  f o r  each  
r e g i o n  a r e  p a r t  of  t h e  assumed demoeconomic s c e n a r i o ;  however, 
t h e y  c l o s e l y  resemble  t h e  r e s u l t s  one  would e x p e c t  t o  d e r i v e  from 
an economic model p r e s e n t e d  w i t h  a  s c e n a r i o  of lower economic 
growth i n  Region A t h a n  i n  Region B.  
**The dependency r a t i o  i s  c a l c u l a t e d  a s  t h e  number of  "dependan t s"  
( p e r s o n s  aged less t h a n  15 y e a r s  and g r e a t e r  t h a n  64 y e a r s )  
d i v i d e d  by t h e  "working a g e "  p o p u l a t i o n  ( p e r s o n s  aged between 15 
and 64 y e a r s )  . 
TABLE 5 
PERCENTAGE D I S T R I B U T I O N  O F  THE PROJECTED POPULATION 
I N  EACH REGION BY SELECTED AGE GROUPS, 1980  t o  2 0 0 1  
REGION A 
Year 0-14 15-24 25-44 45-54 5-5-64 6 5+ 
28.13 
28.38 
28.65 
29.00 
24.3 1 
29.64 
30. 00 
30.29 
30.46 
30 -54 
30 -54 
30 -23 
30.04 
29.96 
29.88 
29.89 
29.97 
29.95 
29.89 
23.74 
29.53 
29 -25 
REGION B 
i n  t h e  low f e r t i l i t y  y e a r s  of  t h e  D e p r e s s i o n .  Second,  t h e  
A u s t r a l i a n  p o p u l a t i o n  of  working a g e  i s  s t i l l  e n l a r g e d  by t h e  
c o h o r t  who were born  i n  t h e  "baby boom" o f  t h e  1950s.  T h i r d ,  
any p r o j e c t i o n  i n c o r p o r a t i n g  c o n t i n u e d  i n t e r n a t i o n a l  m i g r a t i o n  
w i l l  t e n d  t o  s w e l l  t h e  p o p u l a t i o n  o f  working a g e .  A l l  t h e s e  
f a c t o r s  s u g g e s t  t h a t  changes  i n  t h e  dependency r a t i o  w i l l  n o t  
be  s u b s t a n t i a l .  I n  f a c t ,  f o r  Region A ,  t h e  a g i n g  of  t h e  popu- 
l a t i o n  s e r v e s  t o  i n c r e a s e  t h e  p o p u l a t i o n  of  working a g e  r a t h e r  
t h a n  t h e  a g e d  p o p u l a t i o n .  Consequen t ly ,  t h e  dependency r a t i o  
f o r  Region A changes  m a r g i n a l l y  o v e r  t h e  p r o j e c t i o n  p e r i o d .  I n  
Region B ,  however, h i g h e r  o v e r a l l  f e r t i l i t y  t e n d s  t o  s t a b i l i z e  
t h e  p r o p o r t i o n  of  c h i l d r e n  i n  t h e  p o p u l a t i o n  and a g i n g  i n c r e a s e s  
t h e  p o p u l a t i o n  o f  o l d e r  p e o p l e ,  such t h a t  t h e  dependency r a t i o  
grows o v e r  t h e  p e r i o d .  However, i n  b o t h  r e g i o n s ,  t h e  r e s u l t s  
i n d i c a t e  t h e  need f o r  a  s h i f t  i n  p o l i c y  and p l a n n i n g  emphasis  
away from t h e  young and towards  t h e  o l d .  
For a  p o l i c y  maker who had c o n f i d e n c e  i n  t h e  a p p r o p r i a t e n e s s  
o f  t h e  s c e n a r i o s  u n d e r l y i n g  t h e s e  s i m u l a t i o n s ,  t h e i r  consequences  
f o r  e x p e n d i t u r e s  on c h i l d  c a r e ,  e d u c a t i o n ,  and h e a l t h  c a r e  would 
b e  c l e a r .  The p o p u l a t i o n  of  p r e s c h o o l  c h i l d r e n  (under  5  y e a r s  o f  
a g e )  i n  Region A i s  p r o j e c t e d  t o  d e c l i n e  i n  a b s o l u t e  numbers,  a t  
t h e  same t i m e  t h a t  p r e s c h o o l e r s  i n  Region B a r e  p r o j e c t e d  t o  grow 
i n  number a t  a  f a s t e r  r a t e  t h a n  t o t a l  p o p u l a t i o n  growth.  These 
r e g i o n s  would o b v i o u s l y  need t o  adop t  d i f f e r e n t  approaches  f o r  
p r o v i d i n g  i n f a n t  w e l f a r e  c e n t e r s ,  c h i l d  c a r e  c e n t e r s  and p re -  
s c h o o l s .  S i m i l a r l y ,  c h i l d r e n  of s c h o o l  a g e  ( 5  t o  17 y e a r s  of  a g e )  
a r e  p r o j e c t e d  t o  d e c l i n e  i n  riumber i n  Region A and t o  i n c r e a s e  i n  
Region B.  E d u c a t i o n a l  p l a n n i n g  i n  each  r e g i o n  would need t o  t a k e  
a c c o u n t  of  t h e s e  demographic t r e n d s .  For t h e  e l d e r l y ,  w e  f i n d  
t h a t  t h e  h i g h e s t  r a t e s  o f  i n c r e a s e ,  f o r  b o t h  r e g i o n s ,  a r e  f o r  
t h o s e  p e r s o n s  aged 85 y e a r s  and o v e r .  By t h e  y e a r  2001, t h e  a g e  
g roup  most h e a v i l y  i n  need of h e a l t h  c a r e ,  i n c l u d i n g  long-term 
n u r s i n g  home accommodation, i s  p r o j e c t e d  t o  become a b o u t  2 4  t i m e s  
l a r g e r  i n  Region A and a b o u t  34 t i m e s  l a r g e r  i n  Region B t h a n  it 
was i n  1980. S i m i l a r ,  a l t h o u g h  n o t  q u i t e  s o  d r a m a t i c ,  growth 
o c c u r s  f o r  t h e  a g e  g roup  75 t o  84 y e a r s  i n  b o t h  r e g i o n s .  Thus t h e  
m a j o r i t y  of  t h e  above a v e r a g e  growth i n  t h e  aged p o p u l a t i o n  would 
be  c o n c e n t r a t e d  among t h e  v e r y  o l d ,  who most  need c a r e .  P l anned  
r e s p o n s e s  t o  t h e s e  i n c r e a s e d  demands o n  h e a l t h  and w e l f a r e  expen-  
d i t u r e s  would be  n e c e s s a r y  i n  b o t h  r e g i o n s .  
Changes i n  t h e  m a r i t a l  s t a t u s  d i s t r i b u t i o n  o f  r e g i o n s  h a s  
i m p o r t a n t  i m p l i c a t i o n s  f o r  f e r t i l i t y ,  househo ld  f o r m a t i o n ,  l a b o r  
f o r c e  p a r t i c i p a t i o n  and e x p e n d i t u r e  on government  b e n e f i t s .  I n  
t h i s  p r o j e c t i o n ,  t h e  m a r i t a l  s t a t u s  d i s t r i b u t i o n  o f  t h e  r e g i o n a l  
p o p u l a t i o n s  c h a n g e s  s u b s t a n t i a l l y ,  a s  shown i n  T a b l e s  6  and 7 .  
The most  s i g n i f i c a n t  change  o v e r  t h e  p r o j e c t i o n  p e r i o d  i s  t h e  
growth  i n  t h e  p r o p o r t i o n  o f  d i v o r c e d  p e r s o n s  i n  b o t h  r e g i o n s ,  
from 1 .46% ( 1 . 4 7 % )  o f  t h e  p o p u l a t i o n *  i n  Region A ( B )  i n  1980 
t o  4 . 2 4 %  (3 .54%)  i n  2001. I n  terms o f  numbers ,  by 2001,  t h e r e  
w i l l  be  o v e r  3+ ( 4 ) t i m e s  t h e  number o f  d i v o r c e d  p e r s o n s  i n  1980 
i n  Region A ( B ) .  The s p e c i a l  h o u s i n g  and w e l f a r e  n e e d s  o f  t h e s e  
p e o p l e  would become i n c r e a s i n g l y  i m p o r t a n t  t o  p l a n n e r s .  C o i n c i d -  
i n g  w i t h  t h i s  i n c r e a s e  i n  d i v o r c e e s ,  t h e r e  i s  p r o j e c t e d  t o  b e  a  
d e c l i n e  i n  b o t h  r e g i o n s  i n  t h e  p r o p o r t i o n s  m a r r i e d ,  from 49.44% 
( 4 8 . 6 2 % )  o f  t h e  a d u l t  p o p u l a t i o n  i n  Region A ( B )  i n  1980 t o  
45.65% ( 4 7 . 1 8 % )  i n  2001. The d e c l i n e  i n  ~ e g i o n  B h a s  been muted 
by t h e  h i g h e r  m a r r i a g e  r a t e s  i n  t h a t  r e g i o n .  
3 . 3  A Demographic Assessment  o f  t h e  P r o j e c t i o n s  
The i l l u s t r a t i v e  p o p u l a t i o n  p r o j e c t i o n  summarized above  
seems r e a s o n a b l e .  The u s e  o f  t h e  m u l t i s t a t e  p r o j e c t i o n  framework 
and a n  o p e r a t i o n a l  t w o - s e x / m a r i t a l  s t a t u s  a l g o r i t h m  e n s u r e s  con- 
s i s t e n c y  a l o n g  a  number o f  d i m e n s i o n s .  The u s e  of  model s c h e d u l e s  
i n  t h e  p r o j e c t i o n  p r o c e d u r e  g u a r a n t e e s  t h a t  t h e  v a r i o u s  p r o j e c t e d  
r a t e s  o f  t r a n s i t i o n  between s t a t u s e s  w i l l  m a i n t a i n  r e a s o n a b l e  a g e  
p r o f i l e s  i n  t h e  f u t u r e .  Checks on t h e  " r e a s o n a b l e n e s s "  o f  t h e  
p r o j e c t i o n s  c a n  b e  made by c a l c u l a t i n g  l i f e  t a b l e s  and g e n e r a t i n g  
a l t e r n a t i v e  p r o j e c t i o n s .  
*The a d u l t  p o p u l a t i o n  i s  d e f i n e d  t o  be  a l l  p e r s o n s  15 y e a r s  o f  
a g e  and above .  
TABLE 6 
PERCENTAGE D I S T R I B U T I O N  O F  THE PROJECTED POPULATION O F  MALES 
I N  EACH REGION BY MARITAL S T A T U S ,  1 9 8 0  t o  2 0 0 1  
Year 
REGION A 
Never Married 
0-14 15+ Married Divorced Widowed 
1 .46 2 . : 2 ~  
1 .70 - 3 . 3 2  
1 -89 2.33 
2.16 2 .a5 
2.39 2.56 
2-59 2 .a7 
2.77 2.38 
2.94 2.09 
3.10 2.10 
3.26 2.1 1 
3.41 2.11 
3.54 2.12 
Never Married 
Year 0-14 15+ Married Divorced Widclb-e5 
TABLE 7 
PERCENTAGE DISTRIBUTION OF THE PROJECTED POPULATION 
OF FEMALES I N  EACH REGION BY MARITAL STATUS, 1980  TO 2 0 0 1  
REGION A 
I!r_ver Marr ied 
Year 
1 ~~ I ; ~: 
1 '2? i 
1,322 
1 9 8 3  
1984  
1985  
1 Q 3 f  J-0  
1 9 8 7  
1 9 8 8  
1 9 8 3  
1 9 9 0  
1991 
1932  
1 9 9 3  
1 9 9 4  
1 9 9 5  
1 3 9 5  
1 3 9 7  
1 9 9 8  
1 9 1 3  
- - 
- ,  ',, /: 
~ / . .  i 
- 
Nar r i e d  
4 9 . 2 9  
4 3 . 9 9  
4 8 . 7 5  
4 8 . 4 3  
4 8 . 1 6  
4 7 . 9 2  
4 7 . 6 8  
4 7 . 4 5  
47 .21  
4 6 . 9 9  
4 6 . 7 7  
Divorced W~dowed 
- .  
I .9?. 8 . 7 i 1  
2.1 8 8 . 7 7  
2 . 4 1  8 . 8 7  
2 .71  8.88 
2 . 9 9  8 . 9 7  
3  . 24  8 . 9 7  
3 . 4 7  9 .01  
3  - 6 9  9 . 0 4  
3 .91  9 . 0 6  
4 . 1 3  9 . 0 8  
4 . 3 5  9 . 1 0  
4 . 5 5  9 . 1 2  
4 . 7 3  9 . 1 4  
4 . 9 0  9 - 1 5  
5  . 05  9 . 1 7  
5  . I  9  9.1 8 
5 . 3 1  9 . 1  9  
5 . 4 3  9 . 2 0  
5 . 5 3  
C r- 
9.21  
7 .'3 7. 'J .;2 
4.7: ;' .- - 
", .s 1 P -- 9 .- 
REGION B 
Never t l a r r i ed  
0-14 13+ Married 
- ~p - . .. - 
25 . 5 3  15 . I  9  25 . 4 5  
2 5 . 3 7  15  .41 4 9 . 1 5  
2 5 . 2 3  1 5 . 5 7  4 8 . 9 3  
25 . 0 5  1 5 . 7 3  4 8 . 7 2  
2 4 . 8 2  1 5 . 9 1  4 8 . 5 6  
2 4 . 5 0  1 6 . 0 8  4 8 . 4 3  
2.1.32 1 6 . 3 0  48 .31  
2 3 . 2 0  1 6 . 3 7  4 8 . 2 0  
24 . 2 0  1 6 . 3 2  4 8  .C9 
2 4 . 2 8  1 6 . 1 7  4 8 . 0 0  
2 4 . 4 0  15  - 9 9  47 - 91 
2 4 . 5 8  1 5 . 7 4  4 7 . 8 4  
2 4 . 7 6  1 5 . 4 9  4 7 . 7 8  
2 4 . 9 5  1 5  - 2 4  4 7 . 7 4  
2 5 . 1 3  1 4 . 9 9  47 .71  
25 . 2 9  1 4 . 7 6  4 7 . 6 9  
25 . 3 3  1 4 . 6 6  4 7 . 6 9  
2 5 . 3 8  1 4 . 5 4  4 7 . 7 0  
25 .41 1 4 . 4 3  4 7 . 7 3  
25 . $ 5  
,- 
1 4 . 3 0  4 7 . 7 7  
c -3 .4b  14  . I  3 47 . 8 3  
35.45 
- 1 4 . 1 3  4 7  .'JG 
3 . 3 . 1  L i f e  T a b l e s  
T a b l e s  8  th rough  1 1  set  o u t  t h e  e x p e c t a n c i e s  o f  remaining 
l i f e t i m e  i n  each  m a r i t a l  s t a t e  impl ied  by t h e  p r o j e c t i o n .  The 
e x p e c t a n c i e s  r e f e r  t o  20-year-old males  and f e m a l e s ,  and t h e y  
have been c a l c u l a t e d  f o r  two p o i n t s  i n  t i m e :  t h e  b a s e  y e a r ,  
1980/81, and t h e  t a r g e t  y e a r ,  2000/01. They r e v e a l ,  f o r  example,  
t h a t  a  20-year-old never  mar r i ed  female  r e s i d i n g  i n  Region A ( B )  
c o u l d  e x p e c t  t o  remain never  m a r r i e d  f o r  a b o u t  16 .6  ( 1 6 . 0 )  y e a r s  
on 1980/81 r a t e s  and 17.5  ( 1 2 . 4 ) y e a r s  on 2000/01 r a t e s .  I n  
summary, t h e  20-year i l l u s t r a t i v e  p r o j e c t i o n  of  m a r i t a l  s t a t u s  
t r a n s i t i o n s  i s  a n t i c i p a t i n g ,  f o r  Region A ,  i n c r e a s e s  i n  t h e  t i m e  
s p e n t  i n  a l l  s t a t e s ,  p a r t i c u l a r l y  n e v e r  m a r r i e d  and d i v o r c e d .  
For  Region B ,  t h e  p r o j e c t i o n  e x p e c t s  a  d e c l i n e  i n  t h e  t i m e  s p e n t  
i n  t h e  n e v e r  m a r r i e d  s t a t e  and i n c r e a s e s  i n  t h e  t i m e  s p e n t  i n  a l l  
o t h e r  s t a t e s ,  p a r t i c u l a r l y  d i v o r c e d  and m a r r i e d .  Thus, compared 
w i t h  Region A ,  t h e  h i g h e r  r a t e s  of  m a r r i a g e  and d i v o r c e  i n  Region 
B ,  prompted by i t s  h i g h e r  economic growth,  l e a d  t o  s h o r t e r  t i m e  
b e i n g  s p e n t  i n  t h e  n e v e r  mar r i ed  s t a t e  ( a s  e x p e c t e d )  and i n  t h e  
d i v o r c e d  s t a t e .  T h i s  i m p l i e s  t h a t  w h i l e  peop le  may be  more l i k e l y  
t o  d i v o r c e  i n  Region B ,  t h e y  a r e  a l s o  more l i k e l y  t o  remarry  and 
t h e r e f o r e  can  e x p e c t  t o  spend a  s m a l l e r  p a r t  of  t h e i r  l i f e  i n  t h e  
d i v o r c e d  s t a t e  t h a n  p e o p l e  i n  Region A. 
I t  i s  i n t e r e s t i n g  t o  compare t h e s e  r e s u l t s  w i t h  d a t a  f o r  
a n o t h e r  c o u n t r y  ( t h e  N e t h e r l a n d s )  a t  approx imate ly  comparable 
p o i n t s  i n  t i m e ,  a s  i n  T a b l e  12. For  conven ience ,  w e  have e l i m i n -  
a t e d  t h e  r e g i o n a l  d imension and have  h e l d  c o n s t a n t  t h e  m o r t a l i t y  
regime i n  b o t h  sets of  A u s t r a l i a n  e x p e c t a n c i e s .  Although t h e  
expec tancy  of  r emain ing  i n  t h e  never  m a r r i e d  s t a t e  f o r  20-year-old 
f e m a l e s  i s  c o n s i s t e n t l y  lower  f o r  t h e  N e t h e r l a n d s ,  b o t h  c o u n t r i e s  
have  exper ienced  i n c r e a s e s  o f  s i m i l a r  magni tudes  d u r i n g  t h e  1970s:  
from 6  t o  12 y e a r s  between 1972 and 1978 i n  t h e  N e t h e r l a n d s  and 
from 11 t o  16 y e a r s  between 1975 and 1980 i n  A u s t r a l i a .  Given t h e  
d r a m a t i c  d e c l i n e  i n  t h e  p o p u l a r i t y  o f  m a r r i a g e  i n  t h e  1970s ,  t h e  
magnitude of t h e  p r o j e c t e d  changes  f o r  b o t h  r e g i o n s  i n  t i m e  s p e n t  
i n  t h e  never  m a r r i e d  s t a t e  a p p e a r s  f e a s i b l e .  Of p a r t i c u l a r  
i n t e r e s t  i s  t h e  p r o j e c t e d  r e t a r d a t i o n  i n  t h e  t r e n d  o f  d e c l i n i n g  
TABLE 8 
EXPECTANCIES O F  FEMAINING L I F E T I M E  I N  EACH MARITAL S T A T E ,  BY REGION, 
FOR 20-YEAR OLD AUSTRALIAN MALES: 1 9 5 0 /  8 1  DATA 
R e m a i n i n g  l i f e  expectancy 
R e g i o n  A R e g i o n  B 
-- 
S t a t u s  a t  N e v e r  N e v e r  
age 2 0  Married Married D i v o r c e d  W i d o w e d  Married Married D i v o r c e d  W i d o w e d  T o t a l  
R e g i o n  A 
N e v e r  
Married 
Married 
D i v o r c e d  
W i d o w e d  
R e g i o n  B 
N e v e r  
Married 
Married 
D i v o r c e d  
W i d o w e d  
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TABLE 1 2  
EXPECTANCIES OF REMAINING L I F E T I M E  I N  EACH MARITAL STATE FOR 20-YEAR OLD 
FEMALES I N  TWO DIFFERENT COUNTRIES AT TWO MOMENTS I N  TIME 
Remaining l i f e  expec tancy  
S t a t u s  a t  Never 
age 20 Marr ied  Marr ied  Divorced Widowed T o t a l  
Remaining l i f e  expec tancy  
S t a t u s  a t  Never 
age  20 Mar r i ed  Mar r i ed  Divorced Widowed T o t a l  
Never 
m a r r i e d  
Mar r i ed  
Divorced 
Widowed 
Never 
m a r r i e d  
Marr ied  
Divorced 
Widowed 
1. A u s t r a l i a ,  1980/81 
16.43 30.82 3.42 
3. N e t h e r l a n d s .  1978* 
2. A u s t r a l i a ,  1975/76 (1980/81 m o r t a l i t y )  
Never 
m a r r i e d  11 .01  34.14 4 .01 9.48 58.64 
Mar r i ed  0 43.47 4.92 10.77 59.16 
Divorced 0 40.88 7.51 10.71 59.10 
I 
ul 
Widowed 0 33.64 3.96 21.25 58.86 o I 
4. N e t h e r l a n d s .  1972* 
Never 5 .88 39.81 2.47 
m a r r i e d  9.86 58.02 
Marr ied  0 45.07 2.74 10.36 58,17 
Divorced 0 40.64 7 -28  1 0 - 1 5  58,07 
Widowed 0 31.74 1 ,96  23.35 57.05 
* 
Source:  Koesoebjono (1981) .  
popularity of marriage in Region A and the reversal of this 
trend in the more prosperous Region B. 
3 . 3 . 2  A Z t e r n a t i v e  P r o j e c t i o n s  
The illustrative projection forecasts an Australian popula- 
tion of 20.3 million by the year 2001. Table 13 sets out a 
summary of the results obtained in the illustrative projection 
and in two alternative projections. The first is a fixed-rates 
projection which holds constant the transition and growth regime 
of the base-year period and ignores the impacts of international 
migration. The second adopts the changing rates used in the 
illustrative projection but sets net immigration equal to zero. 
The differences between these two alternative projections, there- 
fore arise solely as a consequence of replacing base-year rates 
with the changing rates generated by the demographic and economic 
scenarios. And the differences between the second alternative 
projection and the illustrative projection are solely a conse- 
quence of the impacts of international migration. 
Current patterns of international migration, through their 
direct and indirect impacts, should contribute approximately 2.4 
million individuals to Australia's total population over the 
next two decades. Of these, 30.0% will contribute to the popu- 
lation of Region B. Given that Region B represented only 24.9% 
of the nation's population in 1980, its higher economic growth 
is projected to attract more than its share of international 
migrants. During the period, forecasted patterns of fertility, 
mortality, migration, and marital status change should add 
almost 14 million individuals to the national population that 
would have arisen if 1980/81 rates had remained unchanged. Of 
these, about two-thirds will be added to the population of 
Region B, indicating the substantial effect of the higher eco- 
nomic growth assumed for Region B. The contributions of inter- 
national migration and natural increase in Australia's national 
population appear reasonable in the light of its recent history 
suggesting that the illustrative projection has produced a gen- 
erally believable forecast of Australia's future national popula- 
tion. At the regional level, the projections are more dependent 
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upon o u r  somewhat e x a g g e r a t e d  s c e n a r i o s  o f  d i f f e r e n t i a l  r e g i o n a l  
g r o w t h ,  b u t  t h e y  d o  p r o v i d e  a n  i n t e r e s t i n g  i l l u s t r a t i o n  of  t h e  
s u b s t a n t i a l  e f f e c t s  t h a t  v a r y i n g  economic and demographic  growth  
c a n  h a v e  upon r e g i o n a l  p o p u l a t i o n s .  
4 .  CONCLUDING REbWRKS 
The f a c i l i t y  f o r  m u l t i s t a t e  p r o j e c t i o n s  which  h a s  been  o u t -  
l i n e d  i n  t h i s  p a p e r  p r o v i d e s  h i g h l y  d i s a g g r e g a t e d  p r o j e c t i o n s  o f  
p o p u l a t i o n  by s e x ,  a g e ,  m a r i t a l  s t a t u s ,  and  r e g i o n  w i t h i n  a  
t i g h t l y  i n t e g r a t e d  framework t h a t  r e s p e c t s  demograph ic  a c c o u n t i n g  
i d e n t i t i e s  and  t h a t  f a i t h f u l l y  t r a c k s  t h r o u g h  t i m e  t h e  c h a n g e s  i n  
t h e  a g e  and  m a r i t a l  s t a t u s  p r o f i l e s  o f  r e g i o n a l  p o p u l a t i o n s .  A t  
t h e  same t i m e  it a l l o w s  r e a s o n a b l e  l a t i t u d e  f o r  demographic  
e v e n t s  t o  b e  i n f l u e n c e d  by c h a n g i n g  economic and  s o c i a l  c o n d i -  
t i o n s .  T h i s  a p p r o a c h  i s  made f e a s i b l e  by t h e  c o n d e n s a t i o n  of  
t h e  t i m e  series o f  c h a n g e s  i n  i m p o r t a n t  demographic  v a r i a b l e s  
i n t o  a  manageab le  s e t  o f  d e s c r i p t i v e  s t a t i s t i c s  amenable  t o  
economic mode l ing ,  which  a r e  t h e n  a v a i l a b l e  f o r  f o r g i n g  l i n k s  
between demographic  c h a n g e s  a n d  w i d e r  economic i n f l u e n c e s .  By 
a l l o w i n g  t h i s '  t e c h n i q u e  t o  s e p a r a t e  t h e  e f f e c t s  o f  c h a n g e s  i n  
b e h a v i o r  from c h a n g e s  i n  t h e  demographic  s t r1 . i c tu re  o f  t h e  r e g i o n a l  
p o p u l a t i o n s  d u e  t o  a g i n g  and  p r e v i o u s  h i s t o r y ,  t h e  p r o j e c t i o n  
f a c i l i t y  h a s  s i m p l i f i e d  t h e  t a s k  o f  t h e  economic model by  l i m i t i n g  
i t s  r o l e  t o  a c c o u n t i n g  f o r  b e h a v i o r a l  c h a n g e s  a l o n e  and  n o t  t h o s e  
a r i s i n g  f rom t h e  e v o l u t i o n a r y  dynamics  o f  p o p u l a t i o n  g r o w t h .  
To d a t e  t h e  f a c i l i t y  h a s  n o t  been  f u l l y  implemented ,  b u t ,  a s  
t h e  i l l u s t r a t i v e  p r o j e c t i o n  h a s  shown, s u c h  a n  i m p l e m e n t a t i o n  i s  
c e r t a i n l y  f e a s i b l e .  R e s e a r c h  e f f o r t s  a r e  c u r r e n t l y  b e i n g  d i r e c t e d  
t o w a r d s  t h e  e x p a n s i o n  o f  t h e  economic model t o  i n c o r p o r a t e  t h e  
mode l ing  o f  p a r a m e t e r s  o f  model s c h e d u l e s  o f  f e r t i l i t y  and  r e g i o n -  
a l  m i g r a t i o n .  Such a  model  would c o m p l e t e  t h e  p r o j e c t i o n  f a c i l i t y  
o u t l i n e d  i n  t h i s  p a p e r  and  p r o v i d e  a  t o o l  f o r  t h e  a n a l y s i s  o f  t h e  
e f f e c t s  o f  economic v a r i a b l e s  upon demographic  b e h a v i o r .  I n  t h i s  
p a p e r ,  however ,  w e  h a v e  c o n c e n t r a t e d  o n l y  on  p a r t  o f  t h e  r e l a t i o n -  
s h i p  be tween  economic and  demographic  v a r i a b l e s .  The c h a n g i n g  
demography o f  a  r e g i o n  w i l l  undoub ted ly  a f f e c t  t h e  economy o f  t h a t  
r e g i o n  v i a  t h e  i m p a c t s  on consumer demand, h o u s i n g  demand, and 
l a b o r  s u p p l y .  The f a c i l i t y  p r e s e n t e d  h e r e  must  t h e r e f o r e  be  
i n c o r p o r a t e d  i n t o  a  w i d e r  model o f  s i m u l t a n e o u s l y  d e t e r m i n e d  
economic and  demographic  g rowth .  W ~ r k  i s  c u r r e n t l y  p r o c e e d i n g  
i n  t h i s  d i r e c t i o n .  
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